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The antibiotic streptomycin has been shown to consist of strepti- 
dine (that isomer of 1,3-diguanidino-2 1 4,51 6-tetrahydroxycyclohexane that 
has all groups equatorial), glycosidically attached through C4 to C1 of 
streptose (3-C-formy1-5-deoxy-L-lyxofuranose), which is in turn glycosid-
ically attached through C 2 to C1 of 2-deoxy-2-methylamino-L-glucopyranose. 
Both glycosidic attachments have been assigned the a configuration. Syn-
theses of streptidine and 2-deoxy-2-methylamino-L-glucopyranose were 
achieved many years ago. A recently reported synthesis of L-streptose 
(I) in these laboratories firmly established the structure of streptose 
and the absolute stereochemistry at C 2 and C4 . That synthesis did not 
unequivocally establish the stereochemistry at C3 0 The purpose of this 
research was to effect a definitive synthesis of L-dihydrodideoxystrep-








The final reaction in the proposed synthetic sequence , was the cis-
hydroxylation of 2,3-dimethy1-2 1 5-dihydrofuran (III). The products of 
this reaction would be expected to be dl-dihydrodideoxystreptose and d1- 








synthesized by cyclization of the corresponding cis-2-butene-1,4-diols. 
These diols are frequently obtained from 2,5-dimethoxy-2,5-dihydrofurans 
by hydrolysis and reduction; the 2 0 5-dimethoxy-2,5-dihydrofurans are 
usually obtained by oxidation of the corresponding furans in methanol. 
Thus the synthesis of dl-dihydrodideoxystreptose required, initially, a 
synthesis of 2,3-dimethylfuran. Since this compound is not readily avail-
able, compounds derived from furan and 2-methylfuran served as useful 
model compounds for the various reactions that were used for the conver-
sion of 2,3-dimethylfuran to dl-dihydrodideoxystreptose. 
2,3-Dimethylfuran was synthesized in four steps from chloroacetal-
dehyde and ethyl acetoacetate; an overall yield of 36% was obtained. 
This synthesis is distinctly superior to those reported in the literature 
since fewer steps were required and a better overall yield resulted. 
2-Methylfuran and 2,3-dimethylfuran were converted into the correspond-
ing 2,5-dimethoxy-2,5-dihydrp- compounds by oxidation with bromine in 
methanol at -400 in yields of 70% and 84%, respectively. 
Acid catalyzed hydrolysis of 2,5-dimethoxy-2,5-dihydro-2-methyl- 
furan did not produce the anticipated 4-oxo-cis-2-pentenal. The product 
that was obtained was reduced with sodium borohydride and then heated with 






could not be resolved into the pure 'compounds, and structural formulas for 
the compounds could not be determined. 
2,5-Dimethoxy-2,5-dihydro-2-methylfuran and 2,5-dimethoxy-2,5-di-
hydro-2,3-dimethylfuran were hydrolyzed using distilled water, and gave 
4-oxo-cis-2-pentenal and 3-methyl-4-oxo-cis-2-pentenal, respectively, in 
good yield. These dicarbonyl compounds were converted to the correspond-
ing diols by reduction with sodium borohydride. 
The reported conditions for the conversion of cis-2-butene-1,4-diol 
into 2,5-dihydrofuran were reproduced. When these same conditions were 
used with cis-2-pentene-1,4-diol, trans-2-pentenal, an allylic rearrange-
ment product, was the only product observed. 
The cis-alkene diols were converted into the corresponding 2,5- 
dihydrofurans by the following reaction sequence; bromination, cycliza-
tion by heating with Dowex 50W-X8_ionexhhange,re&in, -blifch - gave the - -re-
spective 3,4-dibromotetrahydrofurans„ and debromination by heating with 
zinc dust. The overall yields of 2 1 5-dihydrofuran„ 2,5-dihydro-2-methyl-
furan, and 2„5-dihydro-2„3-dimethylfuran from the corresponding cis-alkene 
diols were 58%, 37%, and 26%, respectively. 2,5-Dihydro-2,3-dimethylfuran 
was also synthesized from acetoin and vinyltriphenyl phosphonium bromide 
in 42% yield using the literature procedure. 
Using the three 2,5-dihydrofurans, various cis-hydroxylation pro-
cedures were investigated. Hydroxylation of 2,5-dihydrofuran using the 
osmium tetroxide reagent gave a poor yield of meso-3 1 4-dihydroxytetrahy-
drofuran. Hydroxylation of 2,5-dihydro-2,3-dimethylfuran using the same 
reagent gave only a 2.8% yield of diols. d1-4-Epidihydrodideoxystreptose 
and dl-dihydrodideoxystreptose were produced in a ratio of 3.7:1 in this 
reaction. The silver acetate-iodine-wet acetic acid reagent gave good 
yields of diols from 2,5-dihydrofuran and 2,5-dihydro-2-methylfuran; from 
the latter compound, predominantly d1-3-nordihydrodideoxystreptose was 
obtained. Hydroxylation of 2„5-dihydro-2,3-dimethylfuran using the sil-
ver acetate-iodine-wet acetic acid reagent gave only dl-4-epidihydrodi-
deoxystreptose in poor yield. Good yields of diols were obtained from 
all three 2,5-dihydrofurans using aqueous potassium permanganate. From 
2,5-dihydro-21 3-dimethylfuran this reagent produced d1-4-epidihydrodideoxy-
streptose and dl-dihydrodideoxystreptose in a ratio of 304:l. 
The epimeric diols from cis-hydroxylation of 2,5-dihydro-2-methyl-
furan could not be separated by gas-liquid chromatography. The epimeric 
diols resulting from cis-hydroxylation of 2,5-dihydro-2,3-dimethylfuran, 
d1-4-epidihydrodideoxystreptose and dl-dihydrodideoxystreptose, could be 
separated by gas-liquid chromatography and by fractional crystallization. 
The diol produced in smaller amount from potassium permanganate hydroxy-
lation of 2„5-dihydro-2,3-dimethylfuran had gas-liquid chromatographic 
behavior and infrared and nuclear magnetic resonance spectra that were 
identical with those obtained using a sample of authentic L-dihydrodideoxy-
streptose. Thus the hydroxyl groups at C 2 and C3 of L-dihydrodideoxy- 
streptose„ as well as those in L-streptose, are cis-,and the structures 
are correct as assigned. 
A partial optical resolution of d1-3-nordihydrodideoxystreptose, 
by fractional crystallization of the brucine salt of the phthalate de-
rivative, was effected. Numerous attempts to effect an optical resolu-
tion of dl-dihydrodideoxystreptose were unsuccessful. 
The compounds resulting from this research have been thoroughly 
xiv 
characterized, especially by nuclear magnetic resonance spectroscopy. 
Analyses of the nuclear magnetic resonance spectra of dl-dihydrodideoxy-
streptose, dl-4-epidihydrodideoxystreptose, and a number of their deriva-
tives have enabled an estimate of the conformation of these molecules in 
solution to be determined. 
1 
Streptomycin was first isolated in 1944 by Waksman and co-workers 
from cultures of Streptomyces griseus, an organism of the order Actino- 
mycetales (1). Unlike streptothricin (2), an antibiotic obtained from 
the cultures of a related organism, streptomycin was found to have low 
toxicity, and consequently its pharmacology and production have been ex-
tensively studied (2). The substance was found to be both strongly bac- 
teriostatic and bacteriocidal against a wide variety of microorganisms 
and was the first drug proved to be effective against tuberculosis. The 
antibiotic has also been used effectively in the treatment of many other 
diseases such as leprosy, tularemia, typhoid fever, and brucellosis<(2,3). 
In recent years, streptomycin and related antibiotics have been second 
in importance only to the penicillins (2). The medical aspects (2) and 
early development (4) of streptomycin have been reviewed. 
Streptomycin was shown to be a water-soluble, levorotatory, basic 
compound that was sensitive to acids and bases (1). Considerable diffi- 
culty was experienced in the purification of salts of streptomycin be-
cause of their high molecular weights. The molecular formula of strep-
tomycin salts (2) was finally established to be C 21H39N7012 •3 HX. 
Structure of Streptomycin 





hydrogen at atmospheric pressure resulted in the absorption of one molar 
equivalent of hydrogen and the formation of a material that was named 
dihydrostreptomycin trihydrochloride (2). The antibiotic activity and 
toxicity exhibited by dihydrostreptomycin differed only slightly from 
that of streptomycin. This is an extremely rare occurrence, since any 
structural change in an antibiotic usually results in a marked decrease 
or total loss of activity (2,5). Dihydrostreptomycin has since been 
shown to be a major fermentation product in the cultures of Streptomyces 
humidus (6). Because streptomycin formed oxime and semicarbazone deriva-
tives, and dihydrostreptomycin failed to be inactivated by carbonyl re-
agents that inactivated streptomycin, a free or potentially free carbonyl 
group was inferred to be present in streptomycin. 
Streptomycin gave a positive Sakaguchi test (9), which indicated 
the presence of a guanidino function. Potentiometric titrations showed 
that two guanidino groups were present (95), , Kuhn-Roth determinations 
indicated the presence of one C-methyl group (10). 
When streptomycin was treated with methanolic hydrogen chloride, 
two major products resulted. The fragment of molecular formula C81118N604 
 (isolated as its dihydrochloride salt) was named streptidine (I), and 
the fragment of molecular formula C 13H22N07 (OCH3 ) 3 (isolated as its hy-
drochloride salt) was named methyl streptobiosaminide dimethyl acetal 
(II) (7 1 8). 












C13 H22. NO7 
 (OCH
3 ) 3 
 °HC1 (II) 
3 
Streptidine (I) was shown to be the optically inactive 1,3-diguani-
dino-2,4,5 1 6-tetrahydroxycyclohexane isomer that has all the groups equa-






synthesis (13) and the absolute stereochemistry of the carbon atoms of 
streptidine in streptomycin has been determined (14). 
Mineral acid hydrolysis of streptomycin furnished, in addition to 
streptidine (I), amorphous streptobiosamine hydrochloride (III), 














Based on the observations that streptidine does not contain a 
carbonyl group, and that the other methanolysis product of streptomycin 
contains three more carbon atoms than streptobiosamine (III), the sec-
ond fragment obtained in the aqueous hydrolysis of streptomycin, it was 
concluded that the carbonyl group of streptomycin resides in the strep-
tobiosamine portion of the molecule. It was apparent that the carbonyl 
group of streptomycin was converted to the dimethyl acetal during 
4 
methanolysis; the presence of the third methyl group in the streptobios-
amine fragment indicated that streptidine was joined glycosidically to 
streptobiosamine. It has been shown that streptidine is joined to strep-
tobiosamine through the C4 hydroxyl group of streptidine (16). 
Treatment of II with aqueous acid, followed by acetylation, yield-
ed a compound of molecular formula C 17H25N0 5 . This formula was satisfac-
tory for a pentaacetyl-N-methylhexosamine (17). Chemical and physical 
data obtained for this compound, and certain derivatives of it, indicated 
that the nitrogen-containing fragment resulting from this hydrolysis was 
N-methyl-L-glucosamine (IV). The structure of this portion of the strep-















When streptomycin was treated with ethanethiol and hydrogen chlo-
ride, streptidine (I) and ethyl thiostreptobiosaminide diethyl dithio-
acetal (V) were produced (18). Acetylation of V furnished two crystal- 



















line anomers that gave the same product, tetraacetyldihydrodideoxystrep-
tobiosamine (VI) (C211-133N011 )„ after desulfurization of V with Raney 
nickel and reacetylation (10,19). Since N-acetyldihydrodideoxystrepto- 
5 
biosamine (VII) (C14H28N08 )„ produced by partial deacetylation of VI, 
gave no reducing tests (16), and mineral acid hydrolysis of it furnished 
N-methyl-L-glucosamine it was concluded that the N-methyl-L-glucosamine 
portion of the streptomycin molecule was joined glycosidically to the 
other component of the streptobiosamine fragment (16). This component 
was named streptose (VIII) (16). 
Oxidation of streptomycin trihydrochloride using bromine water 
gave an acid which was named streptomycinic acid. This compound con-
tained the same number of carbon atoms as streptomycin. This acid yield-
ed, upon methanolysis, streptidine (I) and a substance that contained 
two 0-methyl groups. Since the substance showed absorption in the in- 
frared region at 5.77 p. (5) (characteristic of an ester carbonyl group), 
and since alkaline hydrolysis removed only one of the 0-methyl groups, 
it was concluded that the free (or potentially free) carbonyl group of 
streptomycin was aldehydic in nature. 
Streptidine and N-methyl-L-glucosamine have been shown to be gly-
cosidically joined to streptose and therefore cannot have the free (or 
potentially free) carbonyl group in the streptomycin molecule. From 
this observation it was concluded that the aldehyde group in streptomycin 
resides in the streptose portion of streptomycin. 
From an examination of the molecular formulas of streptomycin, 
streptidine, and N-methyl-L-glucosamine, it was evident that streptose 
has the molecular formula C,H10 





8 18 N6 04. 	'Streptidine 
-
07 





Two moles of water 
C
6 
H10 0 5 Streptose 
Although streptose has never been isolated as a degradation prod-
uct of streptomycin, the structure of streptose in streptomycin has been 
determined from the physical and chemical data obtained from certain deg-
radation products of streptose and streptomycin (97). The structure of 
streptose in streptomycin and selected data pertinent to the determina-
tion of this structure are given below. 
R1-0-CH 	 
 CH-0-R2 




Amorphous streptobiosamine hydrochloride (III), yielded 4-deoxy-L-
erythrose phenylosazone upon treatment with excess phenylhydrazine. The 
structure of this product was proved by synthesis (15). This result 
III 	C6H5NH-NH2 
H 
CH===N---N---C 6H 5 
 C====N---N---C H 
6 5 




R1 = Streptidinyl 
N -Methyl -L -glucosaminyl 
6 
7 
established the L absolute configuration at 04 in streptose. 
Treatment of the tetraacetate of ethyl thiostreptobiosaminide di-
ethyl dithioacetal (V) with mercuric chloride solution gave crystalline 
tetraacetylstreptobiosamine (20), which was oxidized with bromine water. 
After reacetylation, pentaacetylstreptobiosamic acid monolactone (IX) 
(C23H31NO 5 ) was obtained (20). This compound gave, upon acid hydrolysis, 
N-methyl-L-glucosamine and a new compound, streptosonic acid monolactone 
(X) (C6H06 ) which was obtained in crystalline form and was converted 
to a dextrorotatory diamide (20). Catalytic reduction of tetraacetyl-
streptobiosamine, followed by bromine water oxidation and acid hydroly-
sis of the resulting product, furnished dihydrostreptosonic acid lactone 




CHOH 	 X, R = CO2H 




Application of Hudson's amide and hydrazide rules to the diamide 
of streptosonic acid monolactone and to the hydrazide of dihydrostrepto-
sonic acid lactone indicated that the absolute configuration at C 2 in 
streptose was D (21). 
Vigorous catalytic hydrogenation transformed N-acetylstreptobio-
samine into N-acetyltetrahydrostreptobiosamine (XII). N-Acetyltetrahy- 
0 
8 
drostreptobiosamine yielded, after oxidation with periodic acid and sub-
sequent acid hydrolysis of the reaction products, N-methyl-L-glucosamine, 
acetaldehyde, formaldehyde, and L-glyceric acid (22). This result con-
firmed the assigned D absolute configuration at C 2 in streptose and showed 
that the position of attachment of the N-methyl-L-glucosamine fragment 
to streptose was at C2 0 
1. 3H104IV + CH2O + CH
3
CHO 
2. HC1, H 0 	 CO H 
HO---H 
H2 OH 2 








R = N-Acetyl-N-methyl-L-glucosaminyl 
When tetraacetyldihydrodideoxystreptobiosamine (VI) was treated 
with aqueous acid, N-methyl-L-glucosamine (IV), and a new crystalline 
material, which had the molecular formula C 6H1203, were obtained. The 
new substance was named dihydrodideoxystreptose (XIII) and was charac-
terized by a crystalline bis-2-nitrobenzoate derivative (17,19), mop. 
141-1429 (23)• 
Oxidation of dihydrodideoxystreptose with periodic acid, fol-
lowed by acid hydrolysis, yielded a solution, which when treated with 
an excess of phenylhydrazine, gave the phenylosazone of biacetyl (17, 
19). This result showed that the two terminal methyl groups of dihydro- 
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the action of periodic acid. Since the compound must contain an a-glycol 
grouping and an oxygen atom bridge from C
1, the compound must be a 3,4- 
dihydroxy-2,3-dimethyltetrahydrofuran (96). 
XI II 
Dihydrodideoxystreptose (XIII) was shown to enhance the conduc-
tivity of boric acid solutions (19); this result indicated the cis-ar-
rangement of the a-glycol grouping. Extensive investigations (24,82) 
have shown that certain cis- -glycols, notably those that are contained 
in five-membered rings, cause large increases in the conductivity of 
boric acid solutions, and that the corresponding trans-a-glycols actual-
ly decrease the conductivity of the boric acid solutions. This is pre-
sumably caused by the fact that the hydroxyl groups in a cyclic five-
membered cis-a-glycol are held in close proximity to each other by the 
nearly planar ring and can form a cyclic boric acid complex, while the 
hydroxyl groups of the corresponding trans-compound are held in a posi- 
tion remote from each other and cannot form the cyclic boric acid complex. 
10 
Selected data (82) on the enhancement of the conductivities of 
boric acid solutions by cis-a-glycols with structures similar to dihydro-




cis-Cyclopentane-1,2-diol 0 ! 5 M. 149 
trans-Cyclopentane-1,2-diol 0.53 M. -8 
cis-1-Methylcyclopentane-1,2-diol 0.5 M. 114 
trans-1-Methylcyclopentane-1„2-diol 005 M. -8 
cis-Indane-1 1 2-diol 0.143 M. 63.2 
trans-Indane-1 1 2-diol 0.05 M. -0.8 
The increase in conductivity A is defined as the conductivity 
observed for the compound in 0.5 M. boric acid minus the sum 
of the conductivities of the aqueous solutions of equal con- 
centrations of the polyhydroxy compound and of 0.5 M. boric 
acid 9xpressed in Kohlrausch-Holborn (26) units multiplied 
by 10°. 
Since the configuration at C 2 in streptose has been shown to be 
D, and the a-glycol grouping in dihydrodideoxystreptose was indicated 
to be cis, the D absolute configuration at C
3 
in streptose was assigned 
(19). 
L-Streptose, L-streptosonic acid monolactone, and L-dihydrostrep- 
tosonic acid lactone have recently been synthesized (25) from 5-deoxy-L-
arabinose by a route which was completely stereospecific for C 2 and C4 . 
The absolute stereochemistry of the starting 5-deoxy-L-arabinose at C 2 
and C
4 
was retained in all the intermediates involved in this synthesis. 
The assigned absolute stereochemistry at C 2 and 04 in L-streptose and 
derivatives was therefore confirmed by syntheses. A key intermediate in 
11 
this synthesis was 1 1 2-0-isopropylidene-5-deoxy-P-L-threo-pentofuranos-
3-ulose (XIV) which gave, upon reaction with vinyl magnesium bromide, 












This assignment was made, assuming Grignard addition from the 
less hindered side of the carbonyl group, after an examination of molec-
ular models indicated that the side of the carbonyl group corresponding 
to formation of the lyxo isomer was less sterically hindered than the 
side of the carbonyl group corresponding to the formation of the arabino  
isomer. Since the product of the Grignard addition to XIV yielded L-
streptose (XVI) after ozonolysis, reductive work-up, and removal of the 
isopropylidene group, the lyxo configuration (D at 0 3 ) for L-streptose 
was indicated. This result supported, but did not unequivocally prove, 
the absolute stereochemistry of L-streptose assigned as previously de-
scribed. 
The configuration of the glycosidic linkages in streptomycin 
have been determined; both the glycosidic bond in streptose (27) and in 



































configuration. The assigned structure of streptomycin in complete stereo-
chemical detail is represented by XVII. 
13 
Purpose of, the Research  
The structure and absolute stereochemistry of the carbon atoms of 
streptidine in streptomycin and structure and absolute stereochemistry of 
N-methyl-L-glucosamine have been determined and confirmed by synthesis. 
The gross structure and assigned absolute stereochemistry at C 2 and C4  
in streptose have been confirmed by syntheses, and the absolute stereo-
chemistry at C
3 
in streptose has been supported, but not unequivocally 
proved, by the synthesis of streptose. 
The identity of a synthetic sample of dihydrodideoxystreptose, 
prepared by a route that would insure the cis-orientation of the hydroxyl 
groups, with a naturally derived specimen would confirm the assigned ab-
solute stereochemistry at C3 and C4 in L-dihydrodideoxystreptose. This 
result would also unequivocally prove the absolute stereochemistry of L-
streptose at C
3 
and complete the synthetic proof of the absolute stereo-
chemistry of streptomycin with the exception of the glycosidic linkages. 
Streptose, except for hydroxystreptose (a component of the relative-
ly minor antibiotic hydroxystreptomycin), is the only naturally occurring 
branched chain carbohydrate that contains a branch aldehyde function. 
Since streptomycin is second in importance only to the penicillins and 
contains the unusual streptose fragment, it would be desirable to com-
plete the synthetic verification of the assigned absolute stereochemis-
try of streptose. 
The purpose of this research was the synthesis of the 3,4-dihy-
droxy-2,3-dimethyltetrahydrofuran structure (XIII)assigned to dihydrodi-
deoxystreptose by a pathway that would result in the cis-orientation 
14 
of the hydroxyl groups, and to'show that the synthetic sample was iden-




A aratus and Techniques 
Anhydrous ether was purchased (Merck reagent 71633) and dried over-
night over sodium ribbon before use Anhydrous pyridine was prepared by 
repeated distillation of purified pyridine (Matheson, Coleman, and Bell 
PX2025) from potassium hydroxide until the distillate did not turn yellow 
upon storage over potassium hydroxide pellets. Anhydrous ethyl acetate 
was prepared by distillation from phosphorus pentoxide powder. Anhydrous 
methanol was prepared as described elsewhere (29). Anhydrous dimethyl-
formamide was prepared by distillation from calcium oxide powder. Anhy-
drous isopropyl ether was prepared by distillation from sodium and was 
stored over sodium ribbon. Redistilled benzene was dried by storage over 
sodium ribbon. Dowex 	ion-exchange resin (Baker reagent 1930) was 
purchased (containing 55% water) and was used directly in the hydrogen 
phase. 
Unless otherwise stated, all melting points were determined using 
a KOfler hot stage and are corrected. Melting points determined in sealed 
tubes were observed in an oil bath and are corrected. 
Microanalyses were performed by Galbraith Laboratories (Knoxville, 
Tennessee) and Bernhardt Laboratories (Malheim, West Germany). Optical 
rotations were determined using a Bellingham and Stanley polarimeter 
(Model No. 377619) equipped with a General Electric Sodium lab-arc lamp 
as the source of the sodium D line. The error given indicates the maximum 
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deviation from the mean value for five measurements. Refractive indices 
were determined using a Bausch and Lomb Abbe--56 refractometer. Infrared 
spectra were determined using a Perkin Elmer Model 137 Infracord record-
ing spectrometer. 
Unless otherwise stated all evaporations and concentrations were 
performed using a Rinco (Model VE-1000-A) rotating evaporator at temper-
atures below 60° using water aspirator vacuum. Drying of solutions and 
extracts in organic solvents was done by addition of anhydrous magnesium 
sulfate (Malinckrodt AR 6070) unless otherwise stated; the drying agent 
was removed by gravity filtration and was washed thoroughly with several 
portions of the solvent. 
Gas-liquid chromatography (GLC) was performed using a Glowall Corp. 
Chromalab Model A-110 instrument equipped with a Minneapolis Honeywell 
continuous recorder. The columns employed (dimensions 6 ft. x 4 mm.) 
were packed with the specified adsorbant on the given support, all of 
which were purchased from Applied Science Laboratories. The instrument 
was always equilibrated at the specified temperature and argon inlet pres- 
sure before use. Retention times for given peaks were measured from the 
solvent front (initial recorder response). Peak areas were determined 
using a Gelman Instruments Co. (Model 39231) planimeter. 
Silicic acid chromatography columns were prepared by making a slur-
ry of the indicated amount of silicic acid (100 mesh, Mallinckrodt AR 
2847) in chloroform and pouring it into a cylindrical column equipped 
with a coarse fritted glass disc at the bottom. The excess chloroform 
was drained and the column packed by vibration until the adsorbant was 
firm. Aluminia columns were prepared by partly filling a cylindrical 
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column that had a glass wool plug at the bottom with solvent, and slowly 
adding the specified amount of acid Washed aluminia (Merck reagent 71695). 
The excess solvent was drained during the addition of the aluminia and 
vibration was used until the aluminia was firm. 
All pH measurements were made using Hydrion paper. Analytical 
thin-layer chromatography (TLC) plates were spread 0.25 mm. thick using 
the indicated adsorbant, and preparative thin-layer chromatography plates 
were spread using the given adsorbant and were 1.0 mm. thick. All mate-
rial used in thin-layer chromatography was purchased from Brinkman In-
struments Co., Westbury, New York. 
Nuclear magnetic resonance spectra were determined using a Varian 
A-60 spectrometers The magnet temperature was essentially constant be- 
tween 300 and 400 during the determination of a given spectrum. All chem-
ical shift values are reported in t units (T = 10-6). Tetramethylsilane 
(TMS) or 21 2-dimethy1-2-silapentane-5-sulfonate (DSS) were used as in- 
ternal standards. The 500 cps. scale width was used for all spectra giv-
en as figures. Spin-spin coupling constants (J, measured in cps.) given 
with more than one significant figure were determined using the 50 cps. 
scale. Concentrations given for spectra determined in solutions are per 
. cent by weight. 
Countercurrent distribution was performed using a two hundred 
transfer H. 0. Post Scientific Instruments Co. Model B-3 countercurrent 
distribution apparatus. 
Spinning band distillation columns used were the lab size Nester-
Faust Model NF-135 and the micro Nester-Faust column NF-105. 
1 
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Exploratory Studies Using Model Compounds from Furan  
d1-2,3-Dibromobutane-1,4-diol and d1-3 4-Dibromotetrahydrofuran 
A solution of 46.4 g. of bromine (0.29 mole) in 100 ml. of methyl-
ene chloride was added dropwise, with stirring, to a mixture of 30.0 g. 
(0.283 mole) of cis-2-butene-1,4-diol (National Aniline and Film Co.) and 
50 ml. of methylene chloride contained in a 250-m1. three-necked round-
bottomed flask fitted with a mechanical stirrer, an addition funnel, and 
a reflux condenser; the mixture was cooled in an ice bath. When the addi- 
tion was complete, a slight red coloration was present. This was dis-
charged by the addition of several drops of cis-2-butene-1,4-diol. The 
solvent was evaporated from the tan methylene chloride solution. 
To the resulting d1-2,3-dibromobutane-1,4-diol„ a dark sirup, which 
was contained in a 100-m1. round-bottomed flask, 6 g. (0.035 mole) of 
p-toluenesulfonic acid monohydrate was added. The mixture was heated in 
an oil bath to 160-165 ° and distilled under water aspirator vacuum. The 
temperature of the oil bath was slowly raised to 180 ° ; when no more mate-
rial distilled, heating was discontinued. The heterogeneous distillate 
was extracted with 60 ml. of methylene chloride. The organic layer was 
dried and the methylene chloride was evaporated. The residue was dis-
tilled in vacuo, and gave 53.84 g. (69%) of d1-3,4-dibromotetrahydrofu - 
0° 2 




p 	= 1.5490]. 
The n.m.r. spectrum of the compound (neat) showed absorptions at 
5.22-5.58 (4H, complex signal) and 5.68-5.98 T (2H, complex signal). 
d1-3,4-Dibromotetrahydrofuran from 2,5-Dihydrofuran 
A solution of 80 g. (0.5 mole) of bromine in 100 ml. of methylene 
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chloride was added dropwise to a solution of 35.0 g. (0.5 mole) of 2,5- 
dihydrofuran in 50 ml. of methylene chloride cooled in an ice bath and 
contained in a 500-m1. round-bottomed flask that had been fitted with a 
mechanical stirrer, an addition funnel, and a reflux condenser. When the 
addition was complete, the methylene chloride was evaporated and the res-
idue was distilled in vacuo. This gave 97.80 g. (85%) of d1-3,4-dibromo-
tetrahydrofuran„ b.p. 94-96 °/24 mm. [lit. (30), b.p. 90.5-9105 ° /19 mm.]. 
The n.m.r. spectrum of the compound (neat) showed absorptions at 5.22-5.58 
(4H, complex signal) and 5.68-5.98 T (2H, complex signal). 
2.5-Dihydrofuran 
From cis-2-Butene-1,4-diol. A mixture of 50.0 g. (0.568 mole) of 
cis-2-butene-1,4-diol and 10 g. of Dowex 50W-X8 ion-exchange resin in the 
hydrogen phase was placed in a 100-m1. three-necked flask fitted with a 
mechanixiad, stirrer and a distillation apparatus. The reaction vessel 
was placed in an oil bath that had been preheated to 135 ° ; after several 
minutes, distillation began, and the distillate showed b.p. 65-70 ° . When 
no more distillate collected, the reaction was stopped. The distillate 
was extracted with 40 ml. of pentane. The pentane extract was dried and 
distilled using a lab-size spinning-band distillation column. After the 
pentane had been removed, 23.40 g. (59%) of 2,5-dihydrofuran was collect-
ed, b.p. 66-68° [lit. (31), b.p. 66-67.5 ° ]. This was followed by 3.21 g. 
(7.6%) of trans-crotonaldehyde, b.p. 99-101 ° [lit. (31) b.p. 100-102°]. 
The 2,5-dihydrofuran had an n.m.r. spectrum (neat) identical to that of 
an authentic sample (Columbia Organic Chemicals Co., Inc., 8-123). The 
2,5-dihydrofuran showed adsorptions at 4.10 (2H, complex) and 5.46 T 
(4H, complex). 
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From d1-3,4-Dibromotetrahydrofuran. A mixture of 15.65 g. (0.239 
atom) of zinc dust and 15 ml. of isoamyl alcohol was placed in a three-
necked flask fitted with a distillation apparatus, a mechanical stirrer, 
and an addition funnel. The mixture was heated to 110 ° and a solution 
of 27.58 g. (0.12 mole) of dl-3,4-dibromotetrahydrofuran in 25 ml. of iso-
amyl alcohol was added at a rate that maintained moderate distillation. 
When the addition was complete the reaction mixture was distilled, and 
the distillate was collected to 125°. This distillate was distilled on a 
lab-size spinning-band distillation column and 6.98 g. (84%) of 2,5-dihy- 
drofuran was collected, b.p. 66-68° [lit. (31), b.p. 66-67.5°]. The n.m.r. 
and IR spectra of this sample were identical with those of an authentic 
sample. (The overall yield from cis-2-butene-1,4-diol was 58%.) 
A mixture of 41 g. (0.63 atom) of zinc dust and 40 ml. of ethylene 
glycol was placed in a 100-m1. three-necked flask fitted with a mechani-
cal stirrer, a distilling apparatus, and an addition funnel. This mix- 
ture was heated to 135 ° while stirring, and a mixture of 70 g. (0.305 
mole) of dl-3,4-dibromotetrahydrofuran in 35 ml. of ethylene glycol was 
added dropwise at a rate of two drops per second. Distillation of the 
2,5-dihydrofuran proceeded during the addition of the d1-3„4-dibromotetra- 
hydrofuran. When the addition was complete, the reaction mixture was 
heated with a low flame until the temperature of the distillate reached 
150° . The entire distillate was then redistilled using a short Vigreux 
column and 18.10 g. (83%) of 2,5-dihydrofuran was collected, b.p. 66-68° 
[lit. (31), b.p. 66-67.5 0 ]. 
The n.m.r. spectrum of the product was identical with that of an 
authentic sample. 
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H dro lation of 2. -Dih drofuran Using Osmium Tetroxide 
A mixture of 100 ml. of 30% aqueous hydrogen peroxide and 400 ml. 
of redistilled t-butyl alcohol was shaken with several small portions 
(ca. 2 g.) of anhydrous sodium sulfate until two layers separated. The 
lower layer was removed, and the organic layer was dried first with anhy-
drous sodium sulfate and finally with anhydrous calcium sulfate. By this 
method (32) a 6.32% solution of hydrogen peroxide in t-butyl alcohol was 
obtained. 
A mixture of 35.0 g. (0.5 mole) of 2 1 5-dihydrofuran and 272 ml. 
(0.5 mole of hydrogen peroxide) of the t-butyl alcohol solution of hydro-
gen peroxide was placed in a 1-1. flask and cooled to 0°. To this was 
added 4.91 ml. of a 0.5% solution of osmium tetroxide in t-butyl alcohol, 
and the resulting mixture allowed to stand at 0° for 12 hr. Zinc dust 
(ca. 1 g.) was then added, and after 0.5 hr., the solvent was evaporated. 
Distillation of the residue in vacuo yielded 12.5 g. (24%) of meso-3,4- 
dihydroxytetrahydrofuran, b.p. 90-91°/0.75 mm. [lit. (33), b.p. 105 ° / 
0.5 mm.]. 
2,5-Dihydrofuran (28.0 g., 0.4 mole), t-butyl alcohol (100 ml.)„ 
and distilled water (25 ml.) were placed in a 250-ml. three-necked flask 
that had been fitted with a mechanical stirrer, an addition funnel, and 
a reflux condenser. Osmium tetroxide (1.5 mg.) was added; this was fol-
lowed, whilestirring„ by the dropwise addition of 45.5 g. (0.401 mole) 
of 30% aqueous hydrogen peroxide. The reaction mixture was cooled in an 
ice bath during the addition, and the rate of addition of the hydrogen 
peroxide solution was regulated so as to maintain a temperature of 40-
45 ° . When the addition was complete, zinc dust (ca. 1 g.) was added and 
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the solvents were evaporated. Distillation of the residue in vacuo yield-
ed 4.0 g. (10.4%) of meso-3,4-dihydroxytetrahydrofuran, bop. 107-110 °/2.0 
mm. [lit. (33), b.p. 105 ° /0.5 mm.]. There remained in the distillation 
flask a large quantity of very dark material that solidified to a black 
glass upon cooling. 
2,5-Dihydrofuran (35 g., 0.5 mole) and osmium tetroxide (3 mg.) 
were placed in a 250-m1. round-bottomed flask that had been fitted with 
an alcohol thermometer, a mechanical stirrer, and an addition funnel. 
The reaction flask was placed in an ice bath, and after the 2,5-dihydro-
furan had cooled to 0°, 56.6 g. (0.5 mole) of a 30% aqueous solution of 
hydrogen peroxide was added dropwise during a period of 3 hr. while stir-
ring. When the addition was complete, the ice bath was removed, and the 
temperature of the reaction mixture was allowed to slowly increase to 
20°. The temperature then rapidly increased to 90 ° , and the mixture was 
immediately cooled, while stirring, to 25°. Stirring was continued over-
night; the reaction mixture was then allowed to stand three days. The 
solvent was evaporated and the residue was distilled in vacuo. This 
yielded 11.42 g. (22%) of impure meso-3,4-dihydroxytetrahydrofuran, bop. 
100-120°/1.5-2.0 mm. [lit. (33), b.p. 105 °/0.5 mm.], which was not in-
vestigated further. There remained in the distillation flask ca. 15 g. 
of material that solidified to a dark glass upon cooling. 
Hydroxylation of 2,5-Dih drofuran Using the Silver Acetate-Iodine-Wet  
Acetic Acid Reagent  
A mixture of 35 g. (0.50 mole) of 2,5-dihydrofuran, 2.28 1. of 
99.8% glacial acetic acid, and 167.0 g. (1.00 mole) of silver acetate 
was placed in a 3-1. three-necked flask which had been fitted with a 
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mechanical stirrer, a reflux condenser, and a powder funnel. Finely 
powdered iodine (133.0 g., 0.524 mole) was then added over a period of 
30 min. while the mixture was stirred at room temperature. When the 
addition was complete, 225 ml. of aqueous acetic acid (0.5 mole of wa-
tery prepared by dilution of 20 ml. of water to 500 ml. with glacial 
acetic acid) was added and the mixture was heated, while stirring, to 
80° for 4.0 hr. The mixture was then allowed to stand at room tempera-
ture for 10.0 hr. Solid sodium chloride (15.0 g., 0.257 mole) was then 
added; after the mixture was stirred for 1.0 hr. it was filtered using 
suction. The precipitate was washed thoroughly with hot benzene. The 
filtrate and benzene washings were combined and the solvents were evap-
orated. The residue was dissolved in 75 ml. of methanol, filtered, and 
the filtrate was neutralized with 10% methanolic potassium hydroxide. A 
solution of 35.08 g. (0.624 mole) of potassium hydroxide in the minimum 
amount of methanol was added and the mixture was allowed to stand 24 hr. 
The excess potassium hydroxide was then neutralized with 5% aqueous hy-
drochloric acid at 0°, and most of the methanol was evaporated. The 
black aqueous solution was extracted continuously with methylene chloride 
for 48 hr. The methylene chloride extract was dried and the solvent was 
evaporated. Distillation in vacuo yielded 34.5 g. (68%) of meso-3,4-di- 
2 ° 
hydroxytetrahydrofuran, b.p. 91 0/0.75 mm., 1 /3
5 
  1.4785 [lit. (33), b.p. 
° 105 0/0.5 mm.
D 
20  1.4800]. The n.m.r. spectrum (40% in chloroform) of 
the compound showed absorptions at 5.23 (2H, singlet) and 5.57-6.42 T 
(6H, complex). 
Hydroxylation of 2,5-Dihydrofuran Using Aqueous P  tassium Permanganate 
A mixture of 35.0 g. (0.5 mole) of 2,5-dihydrofuran and 600 ml. of 
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distilled water was placed in a 3-1. three-necked flask fitted with a me-
chanical stirrer, an alcohol thermometer, and an addition funnel. The 
mixture was cooled in an ice-acetone bath to a temperature of 3 ° + 1° , 
which was maintained throughout the reaction. A solution of 80 g. (0.506 
mole) of potassium permanganate in 1.5 1. of distilled water was added 
at the rate of 25 ml./min., while stirring vigorously. When the addition 
was complete, the mixture was removed from the ice-acetone bath and al-
lowed to stand 2.0 hr. at room temperature. It was then heated on the 
steam bath for 1.0 hr., filtered hot using suction, and the precipitate 
was washed thoroughly with three 200-m1. portions of hot water. The com-
bined aqueous solutions were concentrated to 200 ml. and extracted con- 
tinuously for 48 hr. with chloroform. This extraction yielded 10.0 g. of 
material after evaporation of the solvent. The aqueous solution was con-
centrated to about 150 ml. and solid potassium carbonate was added until 
the aqueous solution was just slightly less dense than chloroform. The 
resulting aqueous solution was extracted continuously (three days) with 
chloroform until no more material was extracted after 24 hr. The resi-
dues from all extractions were combined and distilled in vacuo. This 
yielded 24.75 g. (47.6%) of meso-3,4-dihydroxytetrahydrofuran, b.p. 95- 
, 
22° 	 ° 
9671 mm. 	
D 
1.4792 [lit. (33), b.p. 105 °/0.5 mm. 	
20 1.4800]. The 
D 
n.m.r. and IR spectra of the compound were identical with those of an 
authentic sample. 
meso-3,4-Dibenzoyloxytetrahydrofuran. A solution of 1.01 g. (9.7 
mmole) of meso-3 1 4-dihydroxytetrahydrofuran in 20 ml. of dry pyridine 
was placed in a 50-ml. Erlenmeyer flask and 4.00 g. (27.9 mmole) of 
benzoyl chloride was added dropwise while the mixture was stirred 
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magnetically. When the addition was complete the mixture was heated on 
a steam bath for 1.0 hr. The mixture was then cooled and water (50 ml.) 
was added; this was followed by the addition of solid sodium bicarbonate 
until the evolution of carbon dioxide ceased. After standing 1.0 hr., 
the mixture was extracted with three 50-m1. portions of chloroform. The 
combined chloroform extract was extracted with 1% hydrochloric acid until 
the chloroform no longer smelled of pyridine. The chloroform extract was 
then extracted with two 50-ml. portions of water, dried, and the solvent 
was evaporated; this yielded 2.83 g. (90.5%) of meso-3,4-dibenzoyloxy-
tetrahydrofuran, mop. 63-66°. An analytical sample was prepared by re-
crystallizing the crude product five times from methanol and showed m.p. 
67°. 
Anal. 	C H 18 160  5 
(312.3) 
Calc'd: C 69.22; H, 5.16 
Found : C„:69.04; H, 5.13 
The n.m.r. spectrum (40%, carbon tetrachloride) of the compound 
showed absorptions at 1.92-2.38 (4H, complex), 2.38-3.00 (6H, complex), 
4.18-459 (2H, complex), and 5.60-6.20 T (4H, complex). The infrared 
spectrum showed %max 3.27, 344, 5.79, 6.23, 6'.88, 7.85, 8.87, 9.77, and 
14.14 p, among others. 
Ex lorator Studies Using Model Com ounds From 2-Meth lfuran 
Reduction of Eth  1 2-Furoate 
Two grams of 10% palladium on carbon was equilibrated by stirring 
with hydrogen at 32° and 747.0 mm. in 95% ethanol in a quantitative hy-
drogenation apparatus. When the equilibration was complete, 2.1859 g. 
(15.59 mmole) of ethyl 2-furoate was added and the hydrogenation was 
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begun. During an hour, 718.5 ml. (32.08 mmole) of hydrogen was absorbed 
and then absorption ceased. The catalyst was filtered and the solvent was 
evaporated. The infrared spectrum (film) of the resulting oil showed % max 
 3.32, 3.42, 5.73 7.31, 7.86, 8.36, 9.20, and 109 80 	among others. 
One gram of 5% palladium on barium sulfate was equilibrated with 
hydrogen at 30° and 738.2 mm. in 95% ethanol in a quantitative hydrogena-
tion apparatus. When the equilibration was complete, 1.0158 g. (7.15 
mmole) of ethyl 2-furoate was added and the reduction was begun. During 
2.3 hrs., 329.0 ml. (14.65 mmole) of hydrogen was absorbed and then ab-
sorption ceased. The reaction mixture was not investigated further. 
Reduction of 2-Furfuryl Alcohol  
One gram of 5% palladium on carbon was equilibrated with hydrogen 
at 731.1 mm. and 25° in ethanol in a quantitative hydrogenation appara-
tus. When the equilibration was complete, 1.0599 g. (10.81 mmole) of 
freshly distilled 2-furfuryl alcohol was added and the reduction begun. 
In an hour, 453 ml. (20.2 mmole) of hydrogen had been adsorbed and ad-
sorption then stopped. The catalyst was filtered and the solvent was 
evaporated. The infrared spectrum (film) of the resulting oil was iden-
tical with that of an authentic sample of dl-tetrahydro-2-furfuryl alco-
hol and showed max  2.64, 3.24, 3.32, 9.30, 9.50, and 10.79 11, among 
others. 
Attempted Preparation of 2-Furfuryl,p-toluenesulfonate  
To a solution of 10.79 g. (0.11 mole) of freshly distilled 2-fur-
furyl alcohol, 7.91 g. (0.10 mole) of dry pyridine, and 50 ml. of chloro-
form, which had been cooled to -15 ° , a solution of 19.05 g. (a.10 mole) 
of 2-toluenesulfonyl chloride in 75 ml. of chloroform was added dropwise 
E 
27 
while the mixture was stirred magnetically. The addition was carried out 
using an addition funnel fitted with a drying tube. The mixture was al-
lowed to stand overnight at -15°. The solution was then extracted with 
two 100-m1. portions of ice-cold 1 N hydrochloric acid and then with two 
100-m1. portions of saturated sodium bicarbonate solution. The organic 
layer was dried and the solvent was evaporated at 38°. After removal of 
the solvent a tan viscous syrup was obtained that developed a dark green 
color in about twenty minutes. After two hours the preparation had be-
come a viscous black tar, which was discarded. 
cis- and trans-2„5-Dimethoxy-2„5-dihydro-2-methylfuran 
To 750 ml. of absolute methanol contained in a 2-1. three-necked 
round-bottomed flask that had been fitted with a mechanical stirrer, a 
drying tube, and an addition funnel was placed 120 g. (1.225 mole) of 
anhydrous potassium acetate and 49.5 g. (0.603 mole) of redistilled 2- 
methylfuran. The mixture was placed in a dry ice-acetone bath and a solu-
tion of 96.3 g. (0.603 mole) of bromine in 600 ml. of absolute methanol 
was added during a period of 30 min. The temperature of the reaction 
mixture was kept below -30°. When the addition was complete, the mixture 
was removed from the dry ice-acetone bath and stirred for an additional 
15 min. The mixture was then poured into 2.0 1. of saturated calcium 
chloride solution, and after mixing completely, the solution was extract-
ed with five 250-m1. portions of ether. The combined ether extract was 
Washed With a 300-m1. portion of saturated potassium carbonate solution 
and was then dried. The ether was removed by distillation through a 
packed column at atmospheric pressure until the temperature of the dis-
tilling vapor reached 75°• The remaining solution, which had a volume 
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of about 100 ml., was distilled in vacuo. This gave 60.50 go (70%) of a 
mixture of cis- and trans-2,5-dimethoxy-2,5-dihydro-2-methylfuran, bop. 
49-51714 mm. 1D 50 1.4285 [lit. (34), b.P. 47-49711 mm. l ir 1.4290]. 
The n.m.r. spectrum (neat) of the preparation showed absorptions for the 
major component (64%) at 3,82-4.16 (2H, complex), 4.52 (1H, complex), 
6.59 (3H, singlet), 6.91 (3H, singlet), and 8.60 r (3H, singlet). Ab-
sorptions for the minor component (36%) were present at 3.82-4.16 (2H, 
complex), 4.24 (1H, complex), 6.66 (3H, singlet, 6.95 (3H, singlet), and 
8.53 T (3H, singlet). The infrared spectrum of the preparation showed 
%max 3.40, 6.12, 7.31, 7.58, 8.15, 8.61, 9.11, 9.31, 9.59, 11.00, and 
11.40 IL, among others. 
The above procedure is a modification of that of Clauson-Kaas 
and Limborg (35) who added the methanolic solution of bromine at -7 ° 
 and obtained the mixture of cis- and trans-2„5-dimethoxy-2,5-dihydro-2- 
methylfuran in 65% yield. 
The mixture (b.p. 49-51714 mm.) was carefully redistilled on a 
lab-size spinning-band column and the n.m.r. spectrum (neat) of the frac-
tion that had b.p. 50-50.5 ° /14 mm. showed that partial separation of the 
mixture of cis and trans isomers had been accomplished. The major com-
ponent of the original mixture amounted to 85% of the fraction of b.p. 
50-50.5714 mm. 
Attempted Conversion of cis-  and trans-2,5-Dimethoxy-2,5-dihydro-2-methyl-
furan to 2,5-Dihydro-2-methylfuran  
Hydrolysis. A mixture of 21.2 g. (0.147 mole) of cis- and trans-
2,5-dimethoxy-2,5-dihydro-2-methylfuran and 17.0 ml. of 0.01 N sulfuric 
acid was placed in a 100-m1. round-bottomed flask that had been fitted 
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with a reflux condenser. The mixture was heated to boiling during 5 min., 
using a low flame, and was then immediately cooled to 25 ° using an ice 
bath. Seventeen milliliters of a saturated solution of calcium chloride 
was then added and the mixture was extracted with three 100-m1. portions 
of ether. The combined ether extract was dried using calcium chloride 
and the ether was removed by distillation at atmospheric pressure. Dis-
tillation of the residue in vacuo yielded a fraction that had b.p. 78- 
81°/10 mm., which weighed 3.62 g. This was followed by a second fraction, 
b.p. 81-84°/10 mm., which weighed 9.85 g. [lit. (35), 4-oxo-cis-2-pentenal, 
b.p. 126° /10 mm.]. A considerable quantity of dark red high-boiling mate-
rial remained, which was not investigated further. The n.m.r. spectra 
(neat) of both fractions were determined and showed that no appreciable 
amount of 4-oxo-cis-2-pentenal was present in either fraction. The n.m.r. 
spectrum (neat) of the fraction, b.p. 78-81 (710 mm. showed absorptions at 
-0.02-0.22 (two doublets), 3.00-3.20 (complex), 5.83-6.30 (complex), 6.38 
(singlet), 6.49-6.82 (complex), 7.00-8.32 (complex), 7.59 (singlet), 7.87 
(singlet), and 8.50-9.08 T (complex). The n.m.r. spectrum (neat) of the 
fraction, b.p. 81-84 °/10 mm., showed absorptions at essentially the same 
positions but with slightly different signal patterns as those of the frac-
tion of b.p. 78-82/10 mm. The infrared spectra (film) of both fractions 
were very nearly identical and showed `max  3.30, 5.73, 5.79, 5.89, 6.95, 
8.63, and 10.17 p., among others. The lower boiling fraction also showed 
x 
9.00 and 9.79 	There was no corresponding absorption in the spec- ma 
trum of the higher boiling fraction. 
Reduction. A mixture of 62.00 g. (0.43 mole) of cis- and trans-2,5- 
dimethoxy-2,5-dihydro-2-methylfuran and 44.0 ml. of 0.01 N sulfuric acid 
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was heated on the steam bath for 10 min., cooled to 25 0 1 and neutralized 
with solid sodium bicarbonate. The resulting dark red solution was added 
dropwise, while stirring and cooling, to a solution of 34.7 g. (0.64 mole) 
of potassium borohydride in 250 ml. of distilled water. When the addition 
was complete, the mixture was allowed to stand 3 hr. and the 0 of the 
solution was then adjusted to 4.0 with 5% hydrochloric acid. Solid sodi-
um bicarbonate was then added until the 0 of the solution was 6.0. The 
resulting solution was extracted continuously with methylene chloride for 
three days. The methylene chloride extract was dried and the solvent was 
evaporated. The residue was distilled in vacuo; this yielded 23.0 g. of 
material that showed b.p. 124-130 °/15 mm., [lit. (36), b.p. 126 (1/45 mm.]. 
The n.m.r. spectrum (15%, deuterium oxide) of the preparation showed 
adsorptions at 5.31 (4 squares, singlet, HOD), 5.75 -6.47 (5.8 squares, com-
plex), 6.47-6.69 (9.5 squares, three strong lines), 8.11-8.86 (4.4 squares, 
broad quartet), 8.82 (doublet, J = 6.5), and 8.85 T (doublet, J = 6.0) 
(7.1 squares for the two doublets). The infrared spectrum (film) showed 
X 
max 
 2.93, 3.36, 6.89, 7.33, 10.61, and 12.53 11, among others. 
Cvclization. A mixture of 73.0 g. of the above preparation and 
12.0 g. of Dowex 50W-X8 ion-exchange resin were placed in a 250-ml. three-
necked flask that had been fitted with a mechanical stirrer and vacuum 
distillation apparatus. The flask was placed in a sand bath, and three 
receivers, which were cooled in a dry ice-acetone bath, were placed in 
series. The sand bath was heated to 150-160 ° ; distillation began at 
this temperature and the volatile products of the reaction were distilled 
from the reaction mixture under water aspirator vacuum. The reaction was 
complete in 1 hr., and it was found that all the volatile products had 
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collected in the'first trap. The material in the first trap was brought 
to room temperature and pentane (100 ml.) was added. The lower phase, 
which separated, was extracted with three 25-ml. portions of pentane. 
The combined pentane extracts were dried and the solution was distilled, 
using a lab-size spinning-band column. After removal of the pentane a 
fraction (42.08 g.) was collected that showed b.p. 133-136 ° , o p24°  1.4208; 
this was followed by a second fraction (4.0 g.) that showed b.p. 136-139 ° . 
The n.m.r. spectra of the two fractions were identical and showed adsorp-
tions at 5.79-6.59 (11 squares, complex), 6.75-6.80 (9 squares, two sin- 
glets), 7.86 (3 squares, asymmetric sextet, J = 6.6), 8.36-8.67 (2 squares, 
complex), 8.80 (4.2 squares, doublet, J = 6.0), and 8.85 T (5.5 squares, 
doublet, J = 6.0). The infrared spectrum (film) of the preparation showed 
max 3.39, 5.88 (weak), 6.84, 7.23, 8.08, 8.40, 9.13, 10.53, 11.18, and 
11.97 11, among others. A portion of the fraction that showed b.p. 133-
136° was redistilled, using a micro spinning-band column for elemental 
analysis. The analytical samples showed b.p. 133 ° and were taken from 
adjacent fractions. 
C6H1202 
	Calcrd: C, 62.05; H, 10.40 
(116.2) 
	
Found : C, 62.66; H, 10.00 
C, 63.18; H, 1147 
The remainder of the material was redistilled through a lab-size 
spinning-band column; a reflux ratio of approximately 100;1 was used. 
The boiling range observed was 128-133 ° . Eleven fractions of approxi-
mately 1 ml. each were taken. The n.m.r. spectra of fractions 2 and 11 
were recorded. The n.m.r. spectra were virtually identical and differed 
only in the 8.7-8.9 T region. The intensities of the multiplets in this 
Anal. 
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region indicated that fraction 2 consisted of approximately 63% of that 
isomer having the methyl group doublet at highest field, whereas frac- 
tion 10 consisted of approximately 51% of this isomer. The boiling points 
observed for fractions 3, 6, and 11 were 130-131 ° , 131-131.5 ° , and 133 ° , 





Calc'd: C, 62.04; H, 10.41 
Found : C, 61.31; H, 10.18 Fraction 3 
C, 61.24; H, 10.37 Fraction 6 
C, 61.37; H, 10.36 Fraction 11 
Separation of the two isomers was also attempted using preparative 
G.L.C. (30% SE-30). Only one symmetrical peak was observed. 
The infrared spectra (film) of the three fractions were identical 
except for the region 5.00-6.00 	Fractions 3 and 6 showed weak absorp- 
tions at 5.66, 5.80, and 5.90 11. Fraction 11 showed no absorption in the 
region 5.00-6.00 4, but showed absorptions at 3.39, 6.90, 7.25, 8.10, 
8.40, 9.10, 10.50, and 11.94 4, among others. Fractions 3 and 6 gave 
immediate orange precipitates when treated with 2,4-dinitrophenylhydra- 
zine reagent but fraction 11 gave no precipitate after standing two days. 
Attempted Hydroxylation of cis- and trans-2,5-Dimethoxy-2,5-dihydro-2- 
methylfuran Usin•the Silver Acetate-Iodine-Wet Acetic Acid Rea ent 
A mixture of 10 g. (0.076 mole) of cis- and trans-2,5-dimethoxy-
2,5-dihydro-2-methylfuran, 26.12 g. (0.157 mole) of silver acetate and 
317 ml. of glacial acetic acid was placed in a 500-m1. three-necked 
flask that had been fitted with a mechanical stirrer, a reflux conden-
ser, a drying tube, and a powder funnel. Finely powdered iodine (18.5 
g., 0.073 mole) was then added over a period of 0.5 hr.; stirring was 
continued, for an additional hour, and then 31.3 ml. (0.071 mole of 
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   water) of an aqueous solution of acetic acid (prepared by dilution of 
2.00 ml. of distilled water to 50 ml. with glacial acetic acid) was add-
ed. The mixture was then heated at 90-95° for 3 hr. while stirring vig-
orously. The mixture was cooled, treated with solid sodium chloride 
(ca. 20 g.), and stirred for one hour. The precipitate was filtered 
and washed thoroughly with two 50-ml. portions of water. The solvent 
was evaporated from the combined filtrates and the residue was dissolved 
in 50 ml. of methanol. The methanol solution was neutralized with 10% 
methanolic potassium hydroxide, and then 5.37 g. (0.096 mole) of potas-
sium hydroxide dissolved in the minimum amount of methanol was added. 
The mixture was allowed to stand overnight and then the solution was 
neutralized with acetic acid at 0°. The black solution was then concen-
trated to ca. 50 ml.; this resulted in the separation of potassium ace-
tate and a black tar from the solution. The mixture of tar and potas-
sium acetate was poured through a Soxhlet cup, ethyl acetate (ca. 200 
ml.) was then added to the filtrate and this solution was used for con-
tinuous extraction of the residue in the Soxhlet cup. After two days 
extraction, the solvent was evaporated; the residue was a viscous tar. 
This tar was dissolved in the minimum amount of water and was extracted 
continuously with methylene chloride for two days. The extract was dried 
and the solvent was evaporated. The residue was a black tar which was 
not investigated further. 
Investigations of d1-5-Deoxyribitol and dl-5-Deoxylyxitol. A mix-
ture of 14.4 g. (0.109 mole) of cis- and trans-2,5-dimethoxy-2,5-dihydro-
2-methylfuran and 60 ml. (0.11 mole) of a 6.32% solution of hydrogen pe-
oxide in t-butyl alcohol, prepared as previously described (50), was 
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placed in a 250-m1. flask and 6 mg. of osmium tetroxide was added. The 
mixture was allowed to stand 48 hr. at room temperature and then the sol-
vett was evaporated. Three milliliters of 0.01 N sulfuric acid was 
added, and the mixture was heated on the steam bath for 1 hr. The acid 
was neutralized with saturated sodium bicarbonate solution, and 50 ml. 
of water was then added. This was followed by the dropwise addition of 
a solution of 3.00 g. (0.079 mole) of sodium borohydride in 50 ml, of 
water. After the solution had stood overnight, the EH was adjusted to 
5.0 with 6 N hydrochloric acid and the solvent was evaporated. The 
solid material was then placed in a Soxhlet extractor and was extracted 
continuously for 15 hr. with absolute ethanol. The ethanol was evaporat-
ed from the extract; this yielded 12.0 g. (81%) of a brown sirup that re-
sisted crystallization. The n.m.r. spectrum (25% , D20) showed absorp-
tions at 4.79-5.30 (6 squares, complex), 5.80-6.73 (10 squares, complex), 
and 7.48-9.1 T (18 squares, complex). 
A mixture of 10.0 g. (0.074 mole) of the above sirup, 4.0 g. of 
Dowex 50W-18 ion-exchange resin, and 50 ml. of dimethylformamide was 
boiled under reflux for 1 hr. The mixture was filtered and the solvent 
was removed'by distillation in vacuo. To the resulting sirup contained 
in a 50-m1. round-bottomed flask was added 3.0 g. of Dowex 50W-X8 ion-
exchange resin. The flask was fitted with an apparatus for vacuum dis-
tillation and the reaction vessel was slowly heated to 160-170 ° . The 
heating was continued until no more material distilled, This yielded 
4.60 g. (53%) of a sirup, that showed bop. 110-125 °/1.0-2.5 mm. Redis-
tillation of the resulting sirup in vacuo , using a micro spinning-band 
column, yielded 3.84 g. of a sirup that showed b.p. 80-83°/0.8 mm. The 
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n.m.r. spectrul of this preparation, showed absorptions at 3.90-4.38 (com-
plex), 5.21 (HOD), 5.58-5.79 (complex), 6.10-6.54 (complex), 8.10-8.52 
(complex), 8.75 (doublet, J = 6), and 8.81 T (doublet, J = 6). 
To a solution of 1.415 g. (10.4 mole) of dl-5-deoxyribitol and 
dl-5-deoxylyxitol in 50 ml. of dry pyridine was added dropwise 5.83 g. 
(41.6 mmole) of benzoyl chloride. When the addition was complete, the 
mixture was allowed to stand overnight; 12.0 g. (0.143 mole) of sodium 
bicarbonate dissolved in the minimum amount of water was then added. 
After standing 2 hr., the mixture was extracted with three 75-m1. por-
tions of chloroform. The combined chloroform extracts were extracted 
with two 150-m1. portions of 2 N hydrochloric acid. The chloroform ex-
tract was then dried and the solvent was removed; this yielded 2.39 g. 
(41.6%) of a sirup that resisted crystallization. This sirup was chro-
matographed over 50.0 g. of silicic acid using chloroform (fraction vol-
ume, 25 ml.). Fractions 11-19 were combined and yielded 184 mg. of crys- 
talline material, m.p. 60-70°. After one recrystallization from methanol-
water and two recrystallizations from methanol, the analytical sample 
showed m.p. 80.5-82°. 
Anal. 	C33H2808 	Calcrd: C, 71.73; H, 5.11 
(552.6) Found : C, 72.77; H, 5.98 
4-0xo-cis-2-pentenal 
Twenty grams (0.139 mole) of cis- and trans-2,5-dimethoxy-2 2 5-dihy-
dro-2-methylfuran was dissolved in 100 ml. of distilled water and the sol-
ution was allowed to stand for 16 hr. at room temperature. The mixture 
was then extracted continuously with ether for 12 hr. The ether extract 
was dried and the solvent was evaporated. Distillation of the residue 
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in vacuo yielded a fraction (1.58 g.), b.p. 50-64°/15 mm. that consisted 
of starting material (shown by n.m.r.) and a little 4-oxo-cis-2-pentenal, 
and a second fraction (6:40 g., 46.6%), b.p. 64-72 °/15 mm., of 4-oxo-cis-
2-pentenal flit. (34), b.p. 67-68°/11 mm.]. Most of the fraction of b.p. 
64-72°/15 mm. distilled at 70 0 /15 mm. 
The n.m.r. spectrum (neat) of the compound showed adsorptions at 
0.08 (1H, doublet, J = 6.8), 2.86 (1H, doublet, J = 11.8), 3.84 (1H, dou-
blet, J = 11.8, each component split into a doublet, J = 6.8), and 7.62 T 
(3H, singlet). The infrared spectrum (film) of the compound showed ` max 
3.31, 5.90, 7.30, 8.60, 10.99, 11.38, and 13.39 	among others. 
cis-2-Pentene-1,4-diol 
Forty-eight and nine-tenths grams of cis- and trans-2,5-dimethoxy-
2,5-dihydro-2-methylfuran (0333 mole) and 258 ml. of distilled water 
(14.31 mole) were mixed in a 500-m1. Erlenmeyer flask and swirled occa-
sionally until solution had taken place (ca. 1 hr.). After standing 16 
hr. at room temperature, the mixture was heated at 50° for 2 hr. The 
cloudy, orange solutibn was added dropwise to a solution, which had been 
cooled to 0° in an ice-acetone bath, of 8.00 g. (0.206 mole) of sodium 
borohydride in the minimum amount of distilled water. The rate of addi-
tion was controlled so that a temperature of 0 ° was maintained. When 
the addition was complete the solution was removed from the ice-acetone 
bath and was allowed to stand at room temperature for 20 hr. The solu-
tion was then concentrated to ca. 180 ml. and was extracted continuous-
ly for three days with methylene chloride. The methylene chloride ex- 
tract was dried and the solvent was evaporated. The residue was then 
distilled in vacuo; this yielded 23.82 g. of a mixture that showed b.p. 
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83-87° /l.0 mm., '44° 1.4656, and consisted of 84.1% of cis-2-pentene-1,4- 
diol and 15.9% of 1,4-pentanediol (59% yield of cis-2-pentene-1,4-diol„ 
10.5% yield of 1,4-pentanediol). The n.m.r. spectrum (50%, deuteriochlo- 
roform) of the preparation showed absorptions at 4.25-4.50 (9 squares, 
complex), 5.70-5.92 (16 squares, complex), 6.00-6.67 (4 squares, complex), 
8.08-8.64 (3.5 squares, complex), and 8.66-8.91 T (17.2 squares, tiro dou- 
blets, J = 6.0 and J = 6.5). The infrared spectrum (film) showed % max 
2.98, 3.35, 7.33, 7.73, 9.49, 9.87, and 10.95 pp among others. 
The composition of the above mixture was determined by quantitative 
catalytic hydrogenation. To 1.25 g. of five per cent platinium on carbon 
in 25 ml. of 95% ethanol that had been equilibrated with hydrogen at 
11.5° and 739.1 mm. was added 1.2610 g. of the above mixture dissolved 
in 10 ml. of 95% ethanol. After stirring for 64 min. the uptake of hydro- 
gen ceased at 231 ml. (10.3 mmole). It was therefore concluded that the 
mixture contained 10.3 mmole (1.061 g. , 84.1%) of cis-2-pentene-1„4-diol 
and 200 mg. of 1,4-pentanediol (15.9%). 
Attempted Cyclization of cis-2-Pentene-1,4-diol 
A mixture of 7.20 g. of cis-2-pentene-1,4-diol (containing 16.5% 
of 1,4-pentanediol, and, therefore, 6.07 g. of cis-2-pentene-1,4-diol„ 
59.5 mmole) and 2.20 g. of Dowex 50W-X8 ion-exchange resin was placed in 
a 25-ml. round-bottomed flask that had been fitted with a distillation 
apparatus. The reaction vessel was placed in a sand bath and the mixture 
was slowly heated to 130°; at this temperature distillation began. The 
temperature of the sand bath was maintained between 130-140 ° and when 
no more material distilled, the distillate was extracted with three 20- 
ml. portions of ether. The combined ether extracts were dried and the 
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solvent was evaporated. Distillation of the residue, using a micro spin-
ning band column, yielded a fraction (450 mg.) of 2-methyltetrahydrofuran, 
b.p. 73-75° (46%, based on the 1,4-pentane-diol in the starting material) 
[lit. (38), b.p. 78-79 ° ]. The n.m.r. spectrum of 2-methyltetrahydrofuran 
showed adsorptions at 5.88-6.41 (3H complex), 7.82-8.55 (4H, complex), 
and 8.79 r (3H, doublet, J = 6). A second fraction of trans-2-pentenal 
followed the 2-methyltetrahydrofuran; this fraction (4.02 g., 80.5%) had 
b.p. 110-115° [lit. (36), b.p. 121.5-123 °]. The n.m.r. spectrum of trans-
2-pentenal showed adsorptions at 0.47 (1H, doublet, J = 7.5), 3.05 (1H, 
doublet J = 16; each component split into a triplet, J = 6), 3.91 (1H, 
doublet, J = 16; each component split into a doublet, J = 7.5; each com-
ponent split into a triplet, J = 1.5), 7.68 (2H, a quartet, J = 7.5; each 
component split into a doublet, J = 6; each component split into a tri-
plet, J = 1.5), and 8.88 T (3H, triplet, J = 7.5). 
A 2,4-dinitrophenylhydrazone of the trans-2-pentenal was prepared 
by the usual method (40) and showed m.p. 158-160° [lit. (39), m.p. 159- 
159.5°]. 
d1-5-Deoxyribitol and dl-5-Deoxylyxitol 
A solution of 50.6 g. of a mixture of 84.9% cis-2-pentene-1 9 4- 
diol (42.9 g., 0.42 mole) and 15.1% of 1,4-pentanedi61 (7;7,g.,04076 
mole) in 50 ml. of water was placed in a 250-m1. three-necked round-
bottomed flask that had been fitted with a mechanical stirrer, a ther-
mometer, and an addition funnel. The solution was placed in an ice bath 
and 0-.1 g. of osmium tetroxide dissolved in 5 ml. of water was added 
while stirring. The solution immediately turned black and to it was 
added dropwise, while stirring, 59.0 g. (0.52 mole) of 30% hydrogen 
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peroxide solution. The rate of addition was regulated so as to maintain 
a temperature of 45-50 ° . When the addition was complete (ca. 1 hr.), 
0.5 g. of zinc dust was added and the solution was filtered. The solvent 
was evaporated, and 46.0 g. of,a viscous brown sirup was obtained that 
resisted crystallization. Assuming all the 1,4-pentanedibl (7.7 g.) in 
the starting material was carried through to the product 38.3 g. (66%) 
of a mixture of d1-5-deoxyribitol and d1-5-deoxylyxitol was obtained. 
The infrared spectrum (film) of the preparation showed `max 
 2.95, 
3.41, 5.81 (weak), 6.23, 6.89 7.12, and 7.29 p p among others. 
Benzoate Derivative. A solution of 3.5 g. of a mixture of d1-5- 
deoxyribitol, dl-deoxylyxitol, and 1,4-pentanediol in 35 ml. of dry pyri-
dine was cooled in an ice bath and 17.0 g. (121.5 mmole) of benzoyl chlo-
ride was added dropwise while stirring and cooling. Assuming that 46.0 g. 
of the starting material contained 7.70 g. of 1„4-pentanediol„ 3.5 g. of 
the starting material would contain 2.91 g. (21.4 mmole) of d1-5-deoxy-
ribitol and d1-5-deoxylyxitol and 0.59 g. (5.77 mmole) of 1,4-pentanediol. 
Nhen the addition was complete, the mixture was allowed to stand overnight 
and was then poured into 500 ml. of water. Solid sodium bicarbonate was 
added until no more carbon dioxide was evolved. After standing 1 hr. the 
mixture was extracted with three 100-m1. portions of methylene chloride. 
The combined extracts were dried and the solvent was evaporated; this 
yielded 13.1 g. (96.5% yield of a mixture of benzoates of d1-5-deoxyribi-
tol, d1-5-deoxylyxitol, and 1,4-pentanediol) of a brown viscous sirup. 
Crystallization of the above sirup from 50 ml. of methanol gave a brown 
crystalline solid, which after recrystallization from methanol-ethyl ace-
tate (1:5) gave 4.70 g. (39.8%) of a crystalline mixture of d1-5-deoxy- 
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ribitol and d1-5-deoxylyxitol tetrabenzoates that showed m.p. 124-131 ° . 
The two components were present in a ratio of approximately 5:4 as shown 
by the n.m.r. spectrum. The filtrate from the first crystallization con-
tained 6.78 g. of a brown sirup that was not investigated further. A 
small portion (ca. 1 g.) of the crystallized material was chromatographed 
over silicic acid (ca. 20 g.) using chloroform and was then recrystal-
lized twice from methanol-ethyl acetate (1:5) for elemental analysis. 






Calc'd: C, 71.72; H, 5.40 
Found : C, 71.86; H, 5.19 
The n.m.r. spectrum of the mixture (15%, deuteriochloroform) showed 
adsorptions at 1.75-2.25 (8H, complex), 2.3-2.9 (12H, complex), 3.84-4.50 
(3H, complex), 4.84-5.58 (2H, complex), and 8.30-8.58 T (3H, two doliblets, 
J = 6 and J = 6). The infrared spectrum showed %max 3.23, 3.33, 5.80, 
6.23, 6.30, 6.90, 10.69, and 11.78 p, among others. 
A portion (1.40 g.) of the crude product from another preparation 
of the mixture of benzoates was chromatographed over acid-washed aluminia 
(140 g., column 1.3 cm. x 54.0 cm.) using benzene (fraction volume 50 ml.). 
Fractions 1-4 contained no material and were discarded; fraction 5 con-
tained 201 mg. of crystalline material and showed only one doublet in the 
n.m.r. spectrum in the region the original mixture showed two doublets. 
An analytical sample was prepared by recrystallizing fraction 5 three 
times from methanol-ethyl acetate (1:5); it showed m.p. 141-141.5 ° . 
Anal. 	C H 0 
33 28 8 
(552.6) 
Calc'd: C, 71.72; H, 5.40 
Found : C, 71.82; H, 5.13 
The n.m.r. spectrum of fraction:5 (15%, deuteriochloroform) showed 
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adsorptions at 1.81-2.14 (811 1 complex), 2.40-2.80 (12H, complex), 3.91-4.61 
(3H, complex), 4.88-5.67 (2H, complex), and 8.45 T (3H, doublet, 	= 6). 
The infrared spectrum showed X max 3.32, 5.80, 6.25, 6.90, 7.61, 7.91, 9.04, 
12.41, and 14.09 	among others. 
d1-3-Nordihydrodideoxystreptose and d1-3-Nor-4-epidihydrodideoxystreptose  
Thirty-five grams of a mixture consisting of dl-5-deoxyribitol and 
d1-5-deoxylyxitol (29.2 g., 0.214 mole) and 1,4-pentanediol (5.8 g., 0.056 
mole) (assuming all the 1 2 4-pentanediol in the starting material for this 
mixture was carried through) was placed in a 100-m1. round-bottomed flask 
that had been fitted with an apparatus for vacuum distillation. Dowex 50W-
X8 ion-exchange resin (9.2 g.) was added and slow heating was begun under a 
vacuum of 0.25 mm. The temperature of the sand bath, in which the reaction 
vessel was placed, was increased to 150 ° over a period of 0.5 hr. At this 
temperature distillation began, and as the rate of distillation decreased 
the temperature of the '_sand bath was gradually increased. When distil-
lation ceased, the temperature of the bath was 190-200 ° . The distillate 
was redistilled in vacuo and distilled almost completely over the range 
79-82° /0.5 mm.; this yielded 20.0 g. of a colorless sirup that consisted 
of a mixture of d1-3-nordihydrodideoxystreptose and d1-3-nor-4-epidihydro- 
dideoxystreptose (16.3 g., 64%) and d1-1,4-pentanediol (3.7 g.; 64% of 
that presumed to be present in the starting material). The composition 
of the mixture was determined by the n.m.r. spectrum (40%, deuteriochloro-
form), which showed adsorptions at 5.50 (OH), 5.80-6.65 (19 squares, com-
plex), 8.10-8.60 (3 squares, complex), and 8.60-9.00 T (9.5 squares, 2 dou-
blets, J = 6; J = 6). Redistillation of the preparation in vacuo did not 
accomplish appreciable separation of the mixture into its components 
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(shown by n.m.r.). 
The infrared spectrum of the preparation showed `max 2.95, 3.39, 
6.90, 7.27, 8.10, and 12.07 [1 1 among others. 
Benzoate Derivative. To a solution of 2.51 g. of the above mix-
ture of d1-3-nordihydrodideoxystreptose, d1-3-nor-4-epidihydrodideoxy-
streptose (2.04 g., 17.3 mole), and d1-1„4-pentanediol (0.48 g., 4.62 
mmole) in 20 ml. of dry pyridine, 12.5 g. (88.5 mmole) of benzoyl chlo 
ride was added dropwise, while cooling. When the addition was complete, 
the mixture was allowed to stand overnight and was then poured into satu- 
rated sodium bicarbonate solution (400 ml.). After standing 1 hr., the 
solution was extracted with four 100-ml. portions of methylene chloride. 
The combined methylene chloride extract was washed with three 200-ml. por- 
tions of 2.5% hydrochloric acid, 100 ml. of saturated sodium bicarbonate 
solution, and finally with two 100-ml. portions of water. The methyl- 
ene chloride extract was dried and the solvent was evaporated; this gave 
11.00 g. (154.8% based on the composition of the starting material) of 
a tan viscous sirup. The infrared spectrum of the sirup showed absorp-
tions at 5.62 and 5.82 [12 which indicated that benzoic anhydride was pres-
ent. The crude product (11.00 g.) was dissolved in 10 ml. of pyridine 
and was placed in a 250-m1. Erlenmeyer flask that contained 100 ml. of 
saturated sodium bicarbonate solution. While stirring magnetically over- 
night, a portion of the solution was lost; the remainder of the solution 
was extracted with three 75-ml. portions of methylene chloride. The com-
bined methylene chloride extract was extracted with 2.5% hydrochloric ac-
id until the extract no longer smelled of pyridine. The solution was then 
washed with water (ca. 100 ml.), dried, and the solvent was evaporated. 
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This yielded 4.61 g. (65% based on the composition of the starting mate-
rial) of a tan sirup that resisted crystallization. This sirup (4.17 g.) 
was chromatographed over aluminia (417 g., column dimensions, 0.54 cm. x 
130 cm.), using benzene. Fraction 1 (520 ml.) contained no material. 
Fraction 2 (90 ml.)icontained 206 mg. of material. Fraction 2 was shown 
by n.m.r. to be a mixture of the dibenzoates of d1-3-nordihydrodideoxy- 
streptose„ d1-3-nor-4-epidihydrodideoxystreptose, and d1-1 4 pentanediol. 
The n.m.r. spectrum (20%, deuteriochlorofolT) showed absorptions at 1.82-
2.15 (complex), 2.40-2.84 (complex), 4.10-4.28 (complex), 4.38-4.52 (com-
plex), 4.67-5.08 (complex), 5.50 -5.92 (complex), 7.79 -8.34 (complex), and 
8.34-8.79 ¶ (three doublets). Fractions 3-21 (fraction volume 40 ml.) 
contained a total of 1.754 g. of colorless oil that was not investigated 
further. Fraction 22 (180 ml.) contained 171 mg. of a colorless oil that 
was shown to be a mixture of the dibenzoates of d1-3-nor-4-epidihydrodi-
deoxystreptose„ d1-3-nordihydrodideoxystreptose„ and d1-1,4-pentanediol 
by the n.m.r. spectrum which showed complex absorptions at 1.82-2.23, 
2.38-2.94, 3.95-4.96, 5.32-6.18, 7.63-7.72, 7.87-8.10, and 8.21-8.87 T. 
Fraction 2 was enriched in the dibenzoate of d1-1,4-pentanediol and frac-
tion 22 was enriched in the dibenzoates of d1-3-nor-4-epidihydrodideoxy-
streptose,and d1-3-nordihydrodideoxystreptose. 
3 9 5-Dinitrobenzoyl Derivatives. A solution of 0.50 g. of the mix-
ture consisting of dl-3-nordihydrodideoxystreptose and d1-3-nor-4-epi-
dihydrodideoxystreptose (312 mg., 2.65 mmole) and d1-1 1 4-pentanediol (188 
mg., 1.81 mmole) in 20 ml. of dry pyridine was cooled in an ice bath; to 
this solution 3.90 g. (16.9 mmole) of freshly recrystallized 3,5-dinitro-
benzoyl chloride was added in small portions. After the addition was 
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complete, the mixture was heated to boiling and then was cooled and poured 
into 10 ml. of water that contained pieceS of ice; to this was added 75 ml. 
of saturated sodium bicarbonate solution. The solution was allowed to 
stand 0.5 hr. and was then extracted with three 50-m1. portions of chloro-
form. The combined chloroform extract was then washed with 1.5% hydrochlo-
ric acid until the chloroform no longer smelled of pyridine. The chloro- 
form extract was then washed with saturated sodium bicarbonate solution (ca. 
40 ml.) and with water (ca. 50 ml.). The chloroform extract was dried, and 
the solvent was evaporated; this yielded 2.55 g. (112% based on the com-
position of the starting mixture) of a yellow glass that resisted crystal- 
lization. The mixture was chromatographed over silicic acid (20.0 g.) 
using chloroform. The fractions eluted before the first pale yellow band 
contained no material and were discarded. The next fraction, which con-
tained the first pale yellow band, was collected and contained 1.313 g. of 
a semisolid gum. A fraction (0.293 go) was then collected and was fol-
lowed by a second pale yellow band, which contained 1.050 g. of a pale 
yellow glass. The fraction that weighed 1.313 g. resisted crystallization 
and was rechromatographed over silicic acid (20.0 go) using chloroform. 
The fractions eluted before the yellow band contained no material and were 
discarded. The yellow band was collected and contained 0.989 g. of semi-
crystalline material; this was recrystallized from benzene and furnished 
509 mg. (57.1% of pale yellow d1-1,4-bis-(3,5-dinitrobenzoyloxy)-pentane, 
which melted incompletely at 55-65 ° , resolidified at 80-85 ° , and melted 
again at 151-154 ° . If the resulting melt was allowed to cool and crys-
tallize, the material melted at 152-154 ° . An analytical sample was pre- 
pared by recrystallizing a portion of the material from benzene. The 
45 
analytical sample melted at 59-67 ° , resolidified and melted again at 153-
154.5 ° [lit. (58) , m.p. 138° , resolidifying and melting again at 151-152 ° ]. 
Anal. 	C19 H16 N4 012 	Calc'd: C, 46.34; H, 3.28; N, 11.38 ----  
(492.4) 	Found : C, 46.19; H, 3.34; N, 11.21 
The n.m r. spectrum (20%, deuteriochloroform) of the compound showed 
adsorption at 0.64-0.88 (6H, complex), 4.34-5.00 (1H, complex), 5.24-5.66 
(2H, complex), 7.66-8.28 (4H, complex) and 8.50 T (3H, doublet, J = 6). 
The infrared spectrum (KBr pellet) showed % max 3.20, 5.81, 6,,14, 6.49, 
7.46, 7.83, 8.59, 10.90, 13.71, and 13.86 11, among others. 
The second yellow band (1.050 g.) that was eluted from the first 
column resisted crystallization and was rechromatographed over aluminia 
(45 g.), using 10% methanol in chloroform. The fractions eluted before 
the yellow band contained no material and were discarded; the yellow band 
was collected as one fraction and contained 926 mg. of the bis-3,5-dinitro-
benzoyl derivative of d1-3-nordihydrodideoxystreptose and the bis-3,5 -di-
nitrobenzoyl'derivativs. Of d1-3 -nor-4-sPidihIdrodidoxY$trePtose. After 
crystallization from chloroform-methanol and three recrystallizations from 
acetone, 350 mg. (26.1% based on the composition of the starting mixture) 
of material was obtained and showed m.p. 178-181 ° . A portion of this was 
recrystallized from acetone three more times for elemental analysis and 
showed m.p. 183.5-184° . 
Anal. 	C19H14N4013 	Calc'd: C, 45.19; H, 2.79; N, 11.07 
(506.3) 	' Found : C, 45.33; H, 2.63; N, 10.79 
The infrared spectrum (KBr pellet) showed `max 3.22, 5.79, 6.51, 
6.53, 6.90, 7.50, 10.94, 13.76, and 14.00 	among others. 
Phthalate Derivatives. A solution of 1.01 g. of the mixture 
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consisting of d1-3rnordihydrodideoxystreptose and d1-3-nor-4-epidihydro-
dideoxystreptose (360 mg., 5.33 mmole) and d1-1,4-pentanediol (380 mg., 
3.65 mmole) in 20 ml. of dry pyridine was prepared; to this was added 
4.0 g. (27 mmole) of freshly sublimed phthalic anhydride. The solution 
was allowed to stand 1.5 hr. at room temperature and was then heated on 
the steam bath overnight; this was followed by the addition of . 50 hl. of 
saturated sodium bicarbonate solution. The solution was allowed to stand 
45 mine and then was extracted with three 75-ml. portions of chlorofor m.  
The combined chloroform extracts were dried and the solvent was evapo- 
rated; no material was obtained. The DH of the aqueous solution wags ad-
justed to 1.5 with 2.5% hydrochloric acid and was extracted with three 
75-m1. portions of chloroform. The combined chloroform extracts were 
dried and the solvent was evaporated. This yielded 3.18 g. (87% based 
on the composition of the starting material) of a tan glass that resist-
ed crystallization. The glass was chromatographed over silicic acid (50 
g.), using chloroform. The fractions eluted before the first opaque band 
contained no material and were discarded. The first opaque band (926 mg.) 
was collected and was crystallized from benzene. This gave 843 mg. 
(57.6%) of the bis-hydrogen phthalate of d1-1,4-pentanediol m.p. 139-
141.5° . A portion of this material was recrystallized three times from 
benzene for elemental analysis and showed m.p. 141.5-143 ° . 
Anal. 	C21 H20 08 	
Calc'd: C, 63.00; H, 5.03 
	
(400.4) 	Found : C, 62.54; H, 5.03 
The n.m.r. spectrum (20%, deuteriochloroform) of the compound 
showed absorptions at -2.34 (2H, singlet), 2.04-2.56 (8H, complex), 4.56-
5.12 (1H, complex), 5.22-6.14 (2H, complex), 8.00-8.34 (4H, complex), and 
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8.70 T (3H, doublet, J = 6). The infrared spectrum (KBr pellet) of the 
compound showed `max  3.33, 5.85, 5.97, 7.16, 7.84, 8.96, 12.68, and 13.46 
p, among others. 
The material eluted before the second opaque band amounted to 65 
mg. and was not investigated further. The second opaque band (1.88 g.) 
was then eluted and was shown by n.m.r. to be a mixture of the bis-hydro-
gen phthalate of d1-1,4-pentanediol and the bis-hydrogen phthalates of dl® 
3-nordihydrodideoxystreptose and d1-3-nor-4-epidihydrodideoxystreptose. 
This mixture resisted crystallization and was rechromatographed over si-
licic acid (50 g.), using chloroform. Two incompletely separated opaque 
bands that moved very slowly were visible on the column after ca. 150 ml. 
of chloroform had been collected. The eluent was then changed to 2.5% 
methanol in chloroform and the first opaque band (357 mg.), which clear-
ly separated from the trailing band, was collected. This material was 
shown by n.m.r. to be the bis-hydrogen phthalate of d1-1,4-pentanediol. 
This band was followed by 41 mg. of material that was not investigated 
further, and then a second opaque band (712 mg.) was collected. This ma-
terial crystallized from benzene-methanol (5:1) after standing at 0 ° for 
three months and showed m.p. 170-174 ° . The solid material was collected 
and recrystallized from water-methanol. This furnished 300 mg. (13.6%) 
of a mixture of bis-hydrogen phthalates of d1-3-nordihydrodideoxystrep-
tose and d1-3-nor-4-epidihydrodideoxystreptdse, m.p. 179.5-183.5 ° . A 
portion of this material was recrystallized three times from benzene-









Found : C, 61.40; H, 4.77 
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The n.m.r. spectrum (saturated, deuteriochloroform) of the prepara-
tion showed adsorption at 0.10 (2H, singlet), 1.94-2.66 (8H, complex), 
4,00-4.20 (1H, complex), 4.66-4.98 (1H, complex), 5.34-6.40 (3H, com-
plex), and 8.62 T (3H, doublet, J = 6). The infrared spectrum of the 
preparation showed % max 3.29, 3.70, 3.88, 5.80, 5.94, 6.30, 6.39 , 7.80, 
9.37, 11.71, and 13.47 p among others. 
d1-2,3 1 5-Trideoxy-2,3-dibromoarabitol and d1-2,3 5-Trideox -2 3-dibromox-
vlitol  
A solution of 67.0 g. of a mixture of 1,4-pentanediol (10.65 g., 
0.103 mole) and cis -2-pentene -1,4-diol (56.35 g., 0.553 mole) in 130 ml. 
of methylene chloride was placed in a 500-ml. three-necked flask that 
had been fitted with a mechanical stirrer, a condenser, and an addition 
funnel. The mixture was cooled in an ice bath, and a solution of bromine 
in methylene chloride (1:4) was added dropwise until the color of bromine 
persisted. This color was then discharged with a few drops of the start-
ing diol mixture. As the solvent was evaporated at 35 ° from the pale 
pink solution, crystalline material separated, and the mixture acquired 
a dark purple color. A portion (ca. 2 g.) of the suspension of crystal- 
line material in the dark purple sirup was removed and was mixed with ca. 
10 ml. of chloroform. The mixture was filtered, and the solid material 
was washed with chloroform. After the material was dried, it showed m.p. 
124-126° . The solvent was evaporated from the filtrate; the resulting 
dark purple sirup resisted crystallization. A portion of the crystal-
line material was recrystallized three times from benzene-methanol (4:1) 
for elemental analysis and showed m.p. 125.5-126°. 
liJ 
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Anal. 	C5H1002Br2 	Calcrd: C, 22.78; H, 3.85; Br 61.01 
(261.9) 	Found g C, 23.09; H, 3.89; Br, 61.24 
The n.m.r. spectrum (saturated, pyridine) of the compound showed 
absorptions at 3.43 (2H, singlet), 4.97 (1H, two doublets, J = 7, J = 7), 
5.40-6.08 (4H, complex, and 8.48 T (3H, doublet, J = 5). The infrared 
spectrum of the compound showed `max  2.99, 5.75 (weak), 6.95, 7.36, 7.97, 
8.20, 8.89, 9.63, 9.90, 10.48, and 13.56 Py among others. 
2-Methyl-3,4-trans-dibromotetrahydrofurans  
The entire amount of purple sirup from the above preparation was 
mixed with 10 g. of 2-toluenesulfonic acid monohydrate in a 250-m1. round-
bottomed flask that had been fitted with an apparatus for vacuum distil-
lation. The reaction vessel was heated in an oil bath to 150-160°; at 
this temperature, distillation began under water aspirator vacuum. The 
distillate consisted of two phases. The temperature of the oil bath was 
then raised to 160-165° to maintain distillation of the product at the 
rate of one drop every two seconds. When the rate of distillation began 
to decrease, the temperature of the oil bath was slowly increased to 180 ° . 
When no more material distilled methylene chloride (ca. 100 ml.) was 
added to the distillate. The water layer was discarded. The methylene 
chloride solution was washed with two 30-ml. portions of saturated sodi-
um bicarbonate solution, dried, and the solvent was evaporated. The res-
idue was distilled in vacuo and yielded 86.45 g. (63.5%, based on the 
amount of cis-2-pentene-1,4-diol in the starting diol mixture) of 2-methyl-
3,4-trans-dibromotetrahydrofurans that showed b.p. 84-89 (3 /15 mm. A por-
tion of material obtained in a similar preparation (b.p. 88-90/15 mm.) 
was redistilled on a lab-size spinning band-column for elemental analysis. 
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The analytical sample showed b.p. 91 (715 mm. 
Anal. 	C5H8OBr2 	Calcfd: C, 24.61; H, 3.35; Br, 65.51 
(243.9) Found : C, 24.52; H, 3.17; Br, 65.51 
The n.m.r. spectrum (neat) of the compound showed absorptions at 
5.13-6.13 (5H, complex), 8.60 (3H, doublet, J = 6), and 8.69 T (3H, dou-
blet, J = 6). The infrared spectrum (film) of the compound showed % max 
3.30, 3.411, 7.27, 7.67, 7.90, 8.60, 9.14, 9.60, 11.40, and 12.03 II, among 
others. 
2=lifthylm2,5-dihvdrofuran 
A mixture of 150 ml. of freshly distilled n-hexyl alcohol and zinc 
dust (94 g., 1.44 atom) was placed in a 500-ml. three-necked round-bottomed 
flask that had been fitted with a mechanical stirrer, an addition funnel, 
and an apparatus for distillation. The reaction vessel was heated to 140°. 
A solution of 160 g. (0.651 mole) of the 2-methyl-3,4- trans-dibromotetra-
hydrofurans in 150 ml. of freshly distilled n-hexyl alcohol was added at 
a rate that maintained moderate distillation. When the addition was com-
plete, the reaction mixture was distilled until the temperature of the 
distillate reached 155° . The distillate was redistilled, using a lab- 
size spinning band column, and the fraction that showed b.p. 70-78 ° (35.9 
g., 65%) was collected as crude 2-methyl-2,5-dihydrofuran. This material 
was combined with 20.8.g. of crude 2-methyl-2,5-dihydrofuran from another 
preparation and was distilled from calcium hydride using a lab-size spin-
ning band column. This gave 49.86 g. (58.6% yield based on the amount of 
the. 2-methyl-3,4-trans-dibromotetrahydrofurans used in both preparations) 
24° 
of 2-methyl-2,5-dihydrofuran that showed b.p. 74-760, D 1.4213 flit. 
0 	- 
(41), b.p. 74-76° , rip 1.4195]. 
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The n.m.r. spectrum (neat) of the compound showed absorptions at 
4.00-436 (2H, complex), 4.92-5.37 (3H, complex), 5.39-5.58 (2H, complex), 
and 8.84 Cr (3H, doublet, J = 6). The infrared spectrum (film) of the com-
pound showed X 
max 3.36, 
3.50, 6.08, 6.24, 6.93, 7.45, 9.26, 10.12, 12.12, 
and 13.64 p, among others. 
Ilidmiati°nof2-Me ihdr°furanUsi g-ntheSilverAcetate-  
Iodine-Wet Acetic Acid Reagent 
In a 2-1. three-necked round-bottomed flask that had been fitted 
with a mechanical stirrer, a reflux condenser, and a powder funnel was 
placed 1.141 1. of glacial acetic acid, 93.86 g. (0.557 mole) of silver 
acetate, and 21.00 g. (0.25 mole) of 2-methyl-2,5-dihydrofuran. Finely 
powdered iodine (66.62 g.„ 0.264 mole) was added over a period of 0.5 hr., 
while stirring. The mixture was stirred for an additional 0.5 hr., and 
then 4.501 g. (0.25 mole) of water in 100 ml. of glacial acetic was add-
ed. The mixture was then heated at 85-90 ° , while stirring, for 3 hr. 
After cooling, solid sodium chloride (ca. 20 g.) was added and the mix- 
ture was stirred for 10 min. The mixture was filtered, and the insoluble 
material was washed thoroughly with hot chloroform. The solvent was evap-
orated, and the residue was mixed with 200 ml. of chloroform; the mixture 
was filtered, and the solvent was evaporated. The DH of the residue was 
adjusted to 7.0 with ca. 10% methanolic potassium hydroxide, and 19.6 g• 
of potassium hydroxide dissolved in the minimum amount of methanol was 
added. After standing overnight at room temperature, the black mixture 
was concentrated to a sirup and water (ca. 100 m1.) was added. The solu-
tion was extracted continuously for 48 hr. with methylene chloride, and 
the solvent was evaporated from the extract. Distillation of the resulting 
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black sirup, in vacuo, yielded 23.55 g. (79.7%) of material that showed 
b.p. 82° /0.6 mm. A portion of the preparation was redistilled twice for 
2 ° elemental analysis and showed b.p. 82 ° /0.6 mm., ri p 1.4655. GLC analysis 
(30% SE-30; Helium inlet pressure, 50 prig; C.T. 1444)'ubing an Autpprep 
instrument (Wilkens Instrument Co.) failed to separate the two diols and 







Calc'd: C o 50.84; H, 8.53 
(118.1) Found : C, 50.92; H, 8.38 
The n.m.r. spectrum (45%, deuterium oxide) showed absorptions at 
2.31 (HOD), 5.62-6.46 (5H, complex), and 8.76 T (3H, doublet, J = 6). 
The infrared spectrum (film) of the preparation showed %`max  2.90, 3.33, 
6.90, 7.25, 8.25, 9.26, 9.75, 10.16, 11.64, and 12.10 	among others. 
Phthalate Derivative. To a solution of 1.00 g. (0.0085 mole) of 
the above preparation in 15 ml. of dry pyridine was added 3.151 g. (0.0213 
mole) of freshly sublimed phthalic anhydride. After the phthalic anhy-
dride had dissolved, the mixture was heated on the steam bath overnight, 
was cooled, and was poured into a saturated sodium bicarbonate solution 
(ca. 50 ml.). After standing 1 hr., the mixture was extracted with three 
50-ml. portions of chloroform. This chloroform extract was discarded; 
the mixture was made acidic (211 1) with 2% hydrochloric acid, and was 
then extracted with three 50-m1. portions of chloroform. The combined 
chloroform extract was dried, and the solvent was evaporated. This yield-
ed 3.14 g. (89.1%) of a brown glass that was dissolved in ca. 10 ml. of 
benzene. This solution was seeded with material previously obtained crys-
talline (42), and after two days at 5 ° , crystallization was complete. 
The mixture was filtered, and 2.675 g. (72%) of white crystalline material, 
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which showed m.p. 178.5-180 ° , was obtained. A portion of this material 
was recrystallized twice from benzene-methanol (5:1) for elemental anal-
ysis and showed m.p. 181.5-183.4 ° . 
Anal. 	C21H1809 
	Calc'd: C, 60.87; H, 4.38 
(414.4) 
	
Found : C, 61.26; H, 4.48 
The n.m.r. spectrum (20%, acetone-d 6 ) showed absorptions at 2.00- 
2.61 (8H, complex), 2.77 (2H,.broad singlet), 4.29 (1H, doublet, J = 5.6; 
each component of which split into a doublet, J = 5.5; each component of 
which split into a doublet, J = 3.9), 4.88 (1H, doublet, J = 5.6; each 
component of which split into a doublet, J = 7.4), 5.61 (1H, doublet, J 
-10.2; each component of which split into a doublet, J = 5.5), 5.89 (1H, 
quartet, J = 6.3; each component of which split into a doublet, J = 
7.4), 6.02 (1H, doublet, J = -10.2; each component of which split into 
a doublet, J = 3.9), and 8.63 t (3H, doublet, J = 6.3). The infrared 
spectrum showed %max 3.38, 5.80, 7.11, 7.81, 8.88, 9.34, 9.69, 11.392 
 11.71, 12.74, and 13.50 4, among others. 
Partial resolution using brucine. The bis-hydrogen phthalate 
(5.00 g., 12.05 mole) from above was dissolved in the minimum amount of 
hot acetone and to this solution was added a solution of brucine (4.75 
g., 12.05 mole) in the minimum amount of hot acetone. The solution 
failed to produce crystalline material upon cooling and after the solvent 
was evaporated the resulting sirup resisted crystallization from a vari-
ety of solvents. The sirup was dissolved in 25 ml. of acetone and 4.75 
g. (12.05 mole) of brucine dissolved in the minimum amount of acetone 
was added. This solution failed to produce crystalline material upon 
cooling or slow concentration to a sirup. The sirup was then dissolved 
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in the minimum amount of hot benzene-isopropyl ether (ca. 1:2) and cooled 
slowly. A gum separated from the solution and after standing two days at 
0° 4.594 g. of crystalline material that showed m.p. 136-5-140 ° separated 
from the solution. The crystalline material (400 mg.) was dissolved in 
10 ml. of absolute ethanol and the 0 of the solution was adjusted to 1.0 
with 10% hydrochloric acid. The solution was then extracted with three 
15-ml. portions of chloroform. The combined chloroform extract was washed 
with four 20-m1. portions of water, one 20-ml. portion of 10% hydrochloric 
acid, and finally with two 20-m1. portions of water. The chloroform so-
lution was dried and the solvent was evaporated; this yielded 237.5 mg. 
of a brown sirup. This sirup was dissolved in ca. 50 ml. of chloroform; 
the chloroform solution was washed with four 20-m1. portions of 10% hydro-
chloric acid and with two 20-ml. portions of water. After the solvent 
was dried and evaporated, the chloroform extract yielded 147.3 mg. of a 
brown glass that resisted crystallization and showed [a] p +6.32° + 1.3° 
(c 2.325 95% ethanol). 
The remainder of the brucine salt (4.194 go) from above was recrys-
tallized from ethanol-acetone (3:1) and 2.372 g. of crystalline material 
that showed m.p. 137-141° was obtained. A portion (400 mg.) of this ma-
terial was converted to the noncrystalline bis-hydrogen phthalate (192 
mg.) as previously described; the bis-hydrogen phthalate showed [c] p 
 19.92° + 0.83 ° (c 3.12, 95% ethanol). 
The salt (2.372 go) from the second recrystallization was recrys-
tallized from ethanol-acetone (3:1) and furnished 1.732 g. of material 
m.p. 139-143 ° . This material (400 mg.) was converted to the noncrystal-
line bis-hydrogen phthalate, as described above, which showed HD 
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44.0° + 0.6 (c 2.54, 95% ethanol). 
Hydroxylation of 2-Methyl-2,5-dihydrofuran Using PotassiumTermanganIte 
A mixture of 2-methyl-21 5-dihydrofuran (1701 g., 0.23 mole) and 
distilled water (243 ml.) was placed in a 1-1. three-necked round-bottomed 
flask that had been fitted with a mechanical stirrer, an alcohol thermom-
eter, and an addition funnel. The mixture was cooled to -1° in an ice-
acetone bath, and a solution of 32.1 g. (0.21 mole) of potassium perman- 
ganate in 610 ml. of water was added at a rate so as to maintain a temper-
ature of 2 ° + 1°. When the addition was complete, the mixture was removed 
from the ice-acetone bath and was allowed to stand 2 hr. The mixture was 
then heated on a steam bath 1 hr., filtered, and the insoluble material 
was washed thoroughly with two 200-ml. portions of boiling water; the fil-
trate was then concentrated to ca. 125 ml. The aqueous solution was ex- 
tracted continuously with chloroform until no more material was extracted 
after 24 hr. extraction (ca. 2.5 days). The combined chloroform extracts 
were distilled in vacuo and yielded 12.416 g. (52%) of d1-3-nordihydro-
dideoxystreptose and dl-3-nor-4-epidihydrodideoxystreptose that showed 
b.p. 77° /0,3 mm. GLC (SE-30 1 A.I.P. 20 psig, C.T. 66°) analysis of the 
distilled material showed only one peak at R.T. 9.7 min. A portion of 
material from another preparation was redistilled for elemental analysis 
rip 4° showed b.p. 77 ° /0.3 mm0, ri 4° 1.4692. 
Anal. 	C 5 H10 03 	Calc'd: C, 50.84; H, 8.53 
(118.1) Found : C, 50.57; H, 8.46 
The n.m.r. spectrum (20%, chloroform) showed absorptions at 5943- 
6.54 (7H, complex) and 8.73 T. (3H, doublet, J = 6). The infrared spectrum 
showed Xmax 2.96, 3.31, 6.93, 7.28, 7.56, 8.27, 9.27, 9.75, 11.60, and 
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12.09 	among others. 
bis-2-Nitrobenzoyl Derivative. To a solution of 472 mg. (4.0 mmole) 
of d1-3-nordihydrodideoxystreptose and d1-3-nor-4-epidihydrodideoxystrep-
tose in 20 ml. of dry pyridine was added, in small portions while swirling, 
1.484 g. (8.0 mmole) of freshly recrystallized 2-nitrobenzoyl chloride. 
When the addition was complete, the solution was allowed to stand over-
night and was then heated on a steam bath for 2 hr. The solution was then 
cooled, dissolved in 300 ml. of chloroform, and washed with 5% hydrochlo-
ric acid until the odor of pyridine had disappeared from the chloroform 
solution. The chloroform extract was then washed with one 100-m1. por-
tion of 5% sodiumbicarbonate and one 100-m1. portion of water. The chlo-
form extract was dried, and the solvent was evaporated. This yielded 
1.588 g. (95.8%) of a yellow glass. Methanol (10 ml.) was added, and the 
mixture was heated to boiling. Sufficient benzene was then added to the 
boiling mixture to completely dissolve the reaction product. Slow cool-
ing of the reaction mixture furnished 973 mg. of pale yellow crystalline 
material that showed m.p. 95-104 ° . A portion of this material was recrys-
tallized three times from benzene-methanol for elemental analysis, The 








Calc'd: C, 54.81; H, 3.87; N, 6.73 
(416.3) Found : C, 55.41; H, 3.93; N, 7.13 
The n.m.r. spectrum (20%, deuteriochloroform) of material that had 
been recrystallized two times showed absorptions at 1.60-2.10 (48 squares, 
complex), 4.05-4.40 (8.5 squares, four major lines), 4.58-4.50 (4 squares, 
four major lines), 5.30-6.10 (18 squares, complex), 8.54 and 8.59 T (17 
squares, two doublets, J = 6.0 and J = 6.0). 
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The infrared spectrum (5%, chloroform) showed %max 5°75' 6.22, 6.54, 
7.42, 7.81, 8.88, 9.06, 9.85, 11.44, and 12.91 11, among others. 
Phthalate Derivative. To a solution of 1.01 g. (8.56 mmole) of d1- 
3-nordihydrodideoxystreptose and d1-3-nor-4-epidihydrodideoxystreptose in 
15 ml. of pyridine, 3.803 g. (25.7 mmole) of phthalic anhydride was added. 
After the phthalic anhydride had dissolved, the solution was heated on a 
steam bath overnight. The solution was cooled, and 60 ml. of water was 
added. Solid sodium bicarbonate was then added until the solution was 
saturated, and after standing 1 hr., the solution was extracted with chlo-
roform until the odor of pyridine had disappeared. The chloroform extract 
was discarded. The aqueous solution was acidified with 2 N hydrochloric 
acid to 21-1 1 and was then extracted with three 100-m1. portions of chlo-
roform. The combined chloroform extract was washed with two 50-m1. por-
tions of water and was dried. Evaporation of the chloroform from the ex-
tract furnished 4.21 g. (117%) of a tan glass that resisted crystalli.za-
tion. This material was chromatographed over silicic acid (80 g.) using 
chloroform. Fraction 1 (750 ml.) contained 203 mg. of brown oil that was 
discarded. Fraction 2 (1000 ml.) contained 497 mg. of crystalline mate-
rial. The eluting solvent was then changed to 3% methanol in chloroform. 
Fraction 3 (200 ml.) contained 2.213 g. of crystalline material. Fraction 
4 (200 ml.) contained 1.002 g. of crystalline material. Fraction 5 (300 
ml.) contained 65 mg. of material that was discarded. Fractions 2-4 
were combined and recrystallized two times from benzene-methanol. The 
resulting material showed m.p. 178-182°. 
The n.m.r. spectrum (20%, acetone-d 6 ) of the preparation showed 
absorptions at 2.00-2.68 (14 squares, complex), 3.19 (4 squares, broad 
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singlet), 4.16-4.50 (2.2 squares, complex),` 4.75-5.08 (1 square three ma-
jor lines), 5.46-6.41 (5 squares, complex), and 8.65 and 8.75 r (5.2 
squares, two doublets, J = 6 and J = 6). 
The infrared spectrum (pellet) showed `max  3.32, 5.81, 5.92, 6.28, 
7.78, 9.36, 11.71, 12.69, and 13.46 II, among others. 
bis-3,5-Dinitrobenzoyl Derivative. d1-3-Nordihydrodideoxystrep-
tose and d1-3-nor-4-epidihydrodideoxystreptose (236 mg., 2.0 mmole) was 
dissolved in 25 ml. of dry benzene that contained 480 mg. (6.07 mmole) of 
dry pyridine. The solution was cooled in an ice bath and, while swirling, 
922 mg. (4.0 mmole) of 3,5-dinitrobenzoyl chloride was added in small por-
tions. When the addition was complete, the solution was allowed to stand 
overnight and then 10 ml. of water and 20 ml. of benzene were added. The 
water layer was separated and the benzene solution was washed with 2% hy-
drochloric acid until the odor of pyridine had disappeared. The benzene 
solution was washed with two 25-ml. portions of water, dried, and the sol-
vent was evaporated. This yielded 854 mg. (84.2%) of yellow gum that con-
tained crystalline material. The entire amount of crude product was dis-
solved in the minimum amount of boiling 2-butanone, and the solution was 
allowed to cool in an ice bath. This furnished 452 mg. (44.5%) of pale 
yellow crystals that showed m.p. 175.5-179.5 ° . This material was recrys-
tallized two times from the minimum amount of hot 2-butanone and showed 
mop. 180-182 ° . 
The n.m.r. spectrum (saturated, dimethyl sulfoxide-d 6 ) showed ab-
sorptions at 0.64-1.18 (6H, complex), 4.03 -4.39 (1H, four broad lines, 
4.63 (1H, doublet, J = 6; each component split into a doublet, J = 6), 
5.26-6.18 (3H, complex), and 8.62 T (3H, doublet, J = 6.2). 
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The infrared spectrum (pellet) of this material was identical with 
that of a sample obtained (43) previously. 
The melting point of a mixture of the material obtained in this 
preparation and the material obtained previously showed no depression. 
The melting point observed for the mixture was 180-182.5 ° . 
bis-l-Menthoxyacetate Derivatives. A solution of 1.18 g. (0.01 
mole) of the above mixture of d1-3-nordihydrodideoxystreptose and d1-3- 
nor-4-epidihydrodideoxystreptose in 20 ml. of dry pyridine was cooled to 
0° in an ice bath. 1-Menthoxyacetyl chloride, prepared as described else-
where (A'1 ) from 4.29 g. (0.02 mole) of 1-menthoxyacetic acid, was added 
dropwise. When the addition was complete, the solution was stirred over-
night, poured into water (ca. 200 ml.), and extracted with chloroform. 
The chloroform extract was washed with 4% hydrochloric acid, dried and 
the solvent was evaporated. This yielded 4.773 g. (93.4%) of a brown 
sirup that resisted crystallization. The infrared spectrum showed % max 
 3.35, 5.66, 6.90, 7.28, 7.37, 8.91, 10.21, 11.02, and 11.89 p, among 
others. 
Synthesis of dl-Dillydrodideoxystrelotose 
And Related Compounds 
Synthesis of 2.3-Dimethylfuran 
Ettal___.a-me - Doiate, To a solution of ethyl aceto-
acetate (354 g., 3.10 mole) in 680 ml. of pyridine, which was stirred 
magnetically and cooled in an ice bath, 500 g. (2.55 moles) of a 40% 
solution of chloroacetaldehyde in water was added dropwise. When the 
addition was complete, the solution was removed from the ice bath and 
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was allowed to stand at room temperature overnight. Ether (ca. 500 ml.) 
was added and the organic layer was separated. The aqueous layer was ex-
tracted with two 200-m1. portions of ether and the combined ether extract 
was washed with 5% hydrochloric acid until the odor of pyridine had dis-
appeared. The ether extract was then shaken with three 100-m1. portions 
of saturated sodium bisulfite solution and then with two 100-ml, portions 
of water. The resulting extract was dried, and the solvent was evaporat-
ed. Distillation of the residue in vacuo furnished 264.0 g. (67.5%) of 
ethyl 2-methylfuran-3-carboxylate, b.p. 93 ° /30 mm. [lit. (45), bop% 81-
84°/18 mm.]. 
The n.m.r. spectrum (neat) of the compound showed absorptions at 
2.62 (1H, doublet, J = 2.1, each component of which was split into a quar-
tet, J = 0.4), 3.28 (1H, doublet, J = 2.1, each component of which was 
split into a quartet, J = 0,4), 5.68 (2H, quartet, J = 7), 7.43 (3H, quar-
tet, J = 0.4), and 8.69 T (3H, triplet, J = 7). The infrared spectrum 
(film) showed `max 
3.28, 5.82, 6.21, 6.56, 7.69, 8.43, 9.13, 10.56, 11.15, 
12.77, and 13.57 11, among others. The above procedure is a modification 
of that of Winberg et al. (45) who obtained a lower yield (63%) of a prod-
uct that was contaminated with ethyl acetoacetate. 
Ethyl 2-methylfuran-3-carboxylate was also prepared by the method 
of Gilman et al. (61) and showed b.p. 85-88 °/28 mm. (41.5% yield) [lit. 
(45), b.p. 81-84°/18 mm.]. 
2-Methyl-3-hvdroxymethvlfuran. This compound was prepared essen-
tially as described in the literature (45). However, it was found that 
when the molar ratio of lithium aluminum hydride to ethyl 2-methylfuran-
3-carboxylate was increased to 0.762 and when longer reaction times (ca. 
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12 hr.) were used, the reported yield of 83% could be increased to 93%. 
Boiling points observed for the compound were 98-101 ° /29-30 mm. and 78 0 / 
10 mm. [lit. (45), b.p. 70°/7 mm.]. 
The n.m.r. spectrum (neat) of the compound showed adsorptions at 
2.71 (1H, doublet, J = 1.9), 3.59 ( :1H, doublet, J = 1.9), 5.21 (1H, sin-
glet), 5.63 (2H, singlet), and 7.83 ¶ (2H, singlet). The infrared spec-
trum of the compound showed `max  2.96, 3.38, 3.44, 6.14, 6.61, 8.78, 9.56, 
10.02, 11.19 and 13.72 	among others. 
2-Methyl=3-chloromethylluan. This compound was prepared as de-
scribed in the literature (45) and showed b.p. 55-59 ° /16 mm. (47% yield) 
[lit. (45), b.p. 57-59°/16 mm.]. 
Attem ted Conversions of 2-Meth 1- -chlorometh lfuran I to 2 
2-Methyl-3-chloromethylfuran (15,5 g., 0.118 mole) was 
added to 120 ml. of 90% acetic acid that was contained in a 250-m1. three-
necked round-bottomed flask fitted with a mechanical stirrer, an addition 
funnel, and a reflux condenser. Immediately after mixing the reactants, 
the resulting solution turned black, and in several minutes lumps of car-
bonaceous material appeared. Zinc dust (39 g., 0.597 mole) was added 
over a period of ca. 15 min., while stirring, and the stirring was con-
tinued overnight. The solution was boiled under reflux 3 hr. and then 
was poured into cold water (600 ml.). The solution was then extracted 
thoroughly with ether: The ether extract was dried and the ether was re-
moved by distillation at atmospheric pressure using a short Vigreaux col-
umn. The residue consisted of a small quantity (ca. 250 mg.) of black 
tar and was discarded. 
Magnesium (3 g., 0.123 atom) and 100 ml. of dry ether were placed 
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in a 250-m1. three-necked round-bottomed flask that had been fitted with 
a mechanical stirrer, an addition funnel, a reflux condenser, and a dry-
ing tube. A solution of 2-.methyl-3-chloromethylfuran (16.0 g., 0.123 
mole) in 25 ml. of dry ether was placed in the addition funnel and ca. 10 
ml. of the solution was added dropwise while stirring. The mixture was 
then heated on the steam bath 30 min. and cooled; there was no evidence 
of reaction. Methyl iodide (ca. 0.2 ml.) was added, and the mixture began 
to boil spontaneously within several minutes. The remainder of the ether 
solution of 2-methyl-3-chloromethylfuran was then added dropwise to the 
reaction mixture. After the addition was complete, the mixture was boiled 
under reflux for 1 hr., cooled, and ca. 20 ml. of water was added. This 
was followed by the addition of sufficient 10% hydrochloric acid to dis-
solve most of the inorganic precipitate. The ether layer was separated, 
and the aqueous layer was extracted with 50 ml. of ether. The combined 
ether extract was dried, and the solvent was removed by distillation at 
atmospheric pressure. Distillation of the residue yielded ca. 2 g. of 
unidentified material, b.p. 65-70° at atmospheric pressure, which was not 
investigated further. 
2.3-Dimethvlfuran. A mixture of 119.0 g. (1.06 mole) of 2-methyl-
3-hydroxymethylfuran„ 105 g. (1.33 mole) of dry pyridine, and 335 ml. of 
dry ether was placed in a 1-1. three-necked round-bottomed flask fitted 
with a mechanical stirrer, an addition funnel, and an alcohol thermom-
eter. The mixture was cooled to -5 ° in an ice-acetone bath, while stir-
ring, and the addition of a solution of 139.0 g. (1.19 mole) of thionyl 
chloride in 120 ml. of pentane was begun at a moderate rate. When the 
temperature of the reaction mixture had increased to 20 ° , the rate of 
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addition was regulated so as to maintain that temperature. When the addi-
tion was complete, the supernatant liquid in the reaction flask was poured 
into a 2-1. separatory funnel, and the solid residue was dissolved in a 
solution of 40 ml. of concentrated hydrochloric acid in 200 ml. of water. 
The resulting solution was added slowly to the material in the separatory 
funnel; large quantities of sulfur dioxide were released. The reaction 
flask was then rinsed with 100 ml. of ether, which was added to the mate-
rial in the separatory funnel. The aqueous layer was removed, extracted 
twice with 100-m1. portions of ether, and the combined ether extracts 
were dried for 1.5 hr. with anhydrous potassium carbonate. Anhydrous mag-
nesium sulfate was then added, and the drying was continued for 0.5 hr. 
The drying agents were removed by filtration and the brown solution of 
2-methyl-3-chloromethylfuran was concentrated to a volume of about 200 ml. 
The above ether solution was added dropwise, while stirring, to 
a mixture of 33 g. (0.87 mole) of lithium aluminum hydride and 500 ml. 
of dry ether that was contained in a 2-1. three-necked flask fitted with 
an addition funnel, a mechanical stirrer, a reflux condenser, and a dry-
ing tube. The rate of addition of the ether solution of the 2-methy1-3- 
chloromethylfuran was regulated so as to maintain a moderate reflux. 
When the addition was complete the mixture was stirred overnight. Water 
(50 ml.) was then added dropwise while stirring and cooling in an ice-
acetone bath. When the addition was complete, a solution of 91.5 ml. of 
concentrated sulfuric acid in 400 ml. of water was added slowly while 
stirring and cooling; this was followed by the addition of 400 ml. of 
water. The mixture was then stirred at room temperature until all the 
inorganic material had;dissolved. The aqueous layer was removed and 
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extracted with 100 ml. of ether. The combined ether solutions were washed 
with 100 ml. of 5% sodium hydroxide and then with 200 ml. of water. The 
ether solution was dried and the ether was removed by distillation using 
a lab-size spinning-band distillation column. The residue, after distil-
lation through the same column, yielded 58.3 g. (57.2%) of 2,3-dimethyl- 
24° furan, b.p. 94-95 °/738.4 mm., ri p 	1.4411 [lit. (46), b.p. 90-91 °/680 mm., 
D
20°  1.4452]. The n.m.r. spectrum of the compound (neat) showed absorp- 
tions at 2.91 (1H, doublet, J = 1.95; additional splitting of each com-
ponent was present), 3.94 (1H, doublet, J = 1.95; additional splitting of 
each component was present), 7.93 (3H, closely spaced multiplet), and 
8.16 T (3H, closely spaced multiplet). The infrared spectrum of the com-
pound showed %max 3.33, 6.10, 6.60, 6.86, 8.17, 8.80, 9.58, 10.64, and 
11.16 11, among others. 
The intermediate 2-methyl-3-chloromethylfuran could be isolated 
as described (45); however, this compound decomposed rapidly at room tem-
perature, and it was found that better overall yields of 2,3-dimethyl-
furan could be obtained when the isolation of the intermediate was not 
attempted. 
S thesis of 2 -Dimeth 1-2 5-dih drofuran 
cis- And trans.-.2„5-Dimethoxy-2,3-dimethy1-2„5-dihydrofuran. To 
514 ml. of dry methanol contained in a 2-1. three-necked round-bottomed 
flask that had been fitted with a mechanical stirrer, a drying tube, and 
an addition funnel was placed 85 g. (0.865 mole) of anhydrous potassium 
acetate and 39.3 g. (0.409 mole) of 2,3-dimethylfuran. The mixture was 
placed in a dry ice-acetone bath and was cooled to about -70 ° while stir-
ring. A solution of 65.3 g. (0.408 mole) of bromine in 410 ml. of dry 
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methanol was then added (while stirring) at a rate such that the liquid 
stream just failed to break into drops. When the addition was complete, 
the dry ice-acetone bath was removed and the mixture was stirred for an 
additional 15 min. The mixture was then poured into 1.35 1. of saturated 
calcium chloride solution, and after mixing completely, the solution was 
extracted with four 200-m1. portions of ether. The combined ether ex-
tracts were washed with 200 ml. of a saturated solution of potassium car-
bonate and dried. The ether was removed by distillation at atmospheric 
pressure, and the residue was distilled in vacuo. This gave 54.45 g. 
(84%) of a mixture of cis- and trans-2,5-dimethoxy-2,3-dimethy1-2,5-dihy- 
° drofurans that showed b.p. 61-63 °/15 mm. and 24 1. 4352. The relative 
ratio of the cis to the trans isomer in the material that showed b.p. 61-
63° was 66:34, respectively, as shown by integration of the n.m.r. spec-
trum. A. portion of this mixture from another preparation was distilled 
using a micro spinning band column for elemental analysis and showed b.p. 
61914.5 mm. 
3 C8H14° Anal. 	 Calc'd: C, 60.72; H, 8.86 
(158.2) 	Found : C, 60.74; H, 9.13 
The n.m.r. spectrum (neat) of the preparation showed absorptions 
for the cis isomer at 4.28-4.48 (1H, complex), 4.63-4.75 (1H, complex), 
6.61 (3H, singlet), 6.94 (3H, singlet), 8.22-8.37 (3H, complex), and 
8.66 T (3H, singlet). The n.m.r. spectrum showed absorptions for the 
trans isomer at 4.28-4.48 (2H, complex), 6.70 (3H, singlet), 7.03 (3H, 
singlet), 8.22-8.37 (3H, complex), and 8.60 T (3H, singlet). 
The infrared spectrum (film) of the preparation showed % max 3.37, 
5.97 (weak), 6.96, 7.32, 8.41, 8.59, 9.74, 10.56, 11.39, 12.06, and 12.78 
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11, among others. 
3-Methyl-4-oxo-cis-2-pentenal. A mixture of 10.0 g. (0.065 mole) 
of cis- and trans-2 2 5-dimethoxy-2,3-dimethy1-2 1 5-dihydrofuran and dis-
tilled water (54 ml.) was warmed to 60° on ,a steam bath, while swirling, 
and then was allowed to stand 12 hr. at room temperature. The mixture 
was then heated at 75 ° for 30 min. and the resulting cloudy, orange solu-
tion was cooled and extracted continuously with ether for 15 hr. The yel-
low ether extract was dried, and the ether was removed by distillation at 
atmospheric pressure. The orange residue was distilled in vacuo using a 
micro spinning band column with a pot temperature of 75g. This yielded 
4.151 g. (58.4%) of 3-methyl-4-oxo-cis-2-pentenal b.p. 51 °/1 mm. [lit. 
(47), b.p. 80-83 °/2 mm.]. There was a considerable quantity of resinous, 
brown residue after the distillation was complete. The n.m.r. spectrum 
(neat) of the compound showed absorptions at 0.34 (111 1 doublet, J = 7.2), 
3.00 (1H, doublet, J = 7.2, each component of which was split into a quar-
tet, J = 1.65), 7.61 (3H, singlet), and 7.83 1 (3H, doublet, J = 1.65). 
The infrared spectrum (film) showed % max 2.85 (weak), 3.39, 5.93, 6.21, 
6.94, 7.37, 8.39, 8.70, and 10.69 11, among others. 
Preparation of 3-Methyl-cis-2-pentene-1,4-diol. One hundred grams 
(0.655 moles) of 2 1 5-dimethoxy-2,3-dimethy1-2,5-dihydrofuran was mixed 
with 554 ml. of distilled water, and the solution was allowed to stand, 
with occasional swirling, for 48 hr. at room temperature. At the end of 
this time, the solution was orange and cloudy. This solution was added 
dropwise, while stirring, to a solution, which had been cooled to 0 ° , of 
15 g. (0.397 mole) of sodium borohydride dissolved in the' minimum amount 
of distilled water. The rate of addition was controlled so that the 
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temperature of the solution remained below 1 ° . When the addition was com-
plete, the solution was stirred overnight at room temperature. The solu-
tion was concentrated to 200 ml. and then was extracted continuously with 
methylene chloride for two days. The methylene chloride extract was dried, 
and the solvent was evaporated. Distillation of the residue in vacuo 
 yielded 62.66 g. (85%) of 3-methyl-cis-2-pentene-1,4-diol that showed b.p. 
92-94°/0.7 mm. A portion of the material was redistilled in vacuo for 




Calcid: C, 62.04; H, 10.41 
Found : C, 61.96; H, 10.53 
The n.m.r. spectrum (40%, deuterium oxide) of the compound showed 
absorptions at 4.59 (1H, broad triplet, J = 7.5), 5.25 (1H, quartet, J = 
7.0), 5. 33 (HOD), 5.88 (2H, broad doublet, J = 7.5), 8.28 (3H, closely 
spaced multiplet), and 8.79 T (3H, doublet, J = 7.0). The infrared spec-
trum (film) showed %max 2.90, 3.38, 6.10, 6.95, 7.30, 7.60, 8.30, 8 .9-9.4, 
10.24, and 11.70 	among others. 
Attempted Cyclization of 3-Methyl-cis-2-pentene-1 4-diol, 3-Methyl-
trans-2-pentenal, One and four-tenths grams of Dowex 50W-X8 ion-exchange 
resin in the hydrogen phase and 3.201 g. (28.4 moles) of 3-methyl-cis-2- 
pentene-1,4-diol were placed in a 10-ml. round-bottomed flask, and the 
flask was fitted with a distillation head and a condenser. The reaction 
vessel was placed in an oil bath and was heated slowly to 120°. Distil-
lation then began, and the distillate was collected while the temperature 
of the oil bath was slowly raised to 160 ° . At this temperature, distilla-
tion ceased. The distillate was extracted with 30 ml. of ether. The 
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extract was dried, and the bulk of the ether was removed by distillation 
at atmospheric pressure. The tan residue yielded, upon distillation us-
ing a micro spinning-band distillation column, a small forerun of ether, 
which was followed by 2.540 g. (91.4%) of 3-methyl-trans-2-pentenal, b.p. 
130-133 ° /743 mm. [lit. (48), b.p. 50-53 °/12 mm.]. 
This compound yielded a 2,4-dinitrophenylhydrazone by the usual 
(40) method that after recrystallization from ethanol-ethyl acetate, had 
mp. 167-168° [lit. (48), m.p. 169-170 0 ]. 
d1-2 3 5-Trideoxy-3-C-methy1-2 3-dibromoarabitol and d1-2 3 5- 
Trideoxy-3-C-methyl-2,3-dibromoxylitol. A solution of 56.1 g. (0.484 
mole) of 3-methyl-cis-2-pentene-1,4-diol in 100 ml. of methylene chloride 
was placed in a 500-ml. three-necked round-bottomed flask that had been 
fitted with a mechanical stirrer, an addition funnel, and an alcohol ther-
mometer. The mixture was cooled to 5° , and a solution of 78.5 g. (0.49 
mole) of bromine in 75 ml. of methylene chloride was added, while stir-
ring, at a rate that maintained a temperature of less than 10 ° throughout 
the addition. The reaction mixture became green soon after the addition 
was begun, and white crystalline material began to separate from the solu-
tion when the addition was ca. 2/3 complete. When the addition was com-
plete, the solid material was filtered and was washed thoroughly with 
methylene chloride; this yielded 27.0 g. (22%) of material that showed 
m.p. 129-132° . A portion of this material was recrystallized from ben-
zene-ethyl acetate for elemental analysis and showed m.p. 132-134.5°. 
Anal. 	C H 0 Br 6 1 2 2 
(276.0) 
Calcrd: C, 26.12; H I 4.38; Br, 57.93 
Found : C, 26.30; H, 4.47; Br, 58.26 
The n.m.r. spectrum (saturated solution in pyridine) showed 
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absorptions at 3029 (2H, singlet), 5.03 (1H, doublet of doublets, J = 405 
and 700), 5.38 (1H„ quartet, J = 6), 5.52-5071 (2H, complex), 7098 (3H, 
singlet), and 8.47 t (3H, doublet, J = 6). The infrared spectrum (pellet) 
showed % max 2084, 7039 $ 8.24, 9.22, and 9082 11, among others. 
2 3-Dimethy1-3,4-trans-dibromotetrahydrofurans. The green filtrate 
from above was concentrated to a thick sirup (bath temperature less than 
30° ) and placed in a 200-ml. round-bottomed flask that had been fitted 
with an apparatus for vacuum distillation. Dowex 50W-X8 ion-exchange 
resin, 25 go) was then added and the mixture was heated to 125-135 ° in 
an oil bath under water aspirator vacuum. At this temperature, material 
that consisted of two phases distilled. When no more material distilled, 
100 m10 of methylene chloride was added to the purple distillate, and the 
water layer was discarded. The methylene chloride solution was then washed 
with three 50-ml. portions of water and dried over magnesium sulfate-
potassium carbonate. The solvent was evaporated from the tan solution, 
and the residue was distilled in vacuo. This yielded 46.4 g. (4607%) of 
colorless liquid, b.p. 669300 mm. This material rapidly evolved hydro-
gen bromide and darkened when stored at room temperature, but could be 
stored for several days without change at -80 ° 0 
2.3-Dimethy1-295-dihydrofuran. A mixture of 40 g. (0612 atom) of 
zinc dust and 35 mlo of n-hexyl alcohol was placed in a 125-ml. three-
necked round-bottomed flask that had been fitted with a mechanical stir-
rer, an addition funnel, and an apparatus for distillation. The mixture 
was heated to 135 ° , while stirring. Heating was discontinued, and a so-
lution of 40058 g. (00157 mole) of a mixture of 2,3-dimethy1-3,4-trans-
dibromotetrahydrofurans was added so as to maintain a temperature of 
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135-140 ° . The crude 2,3-dimethyl-2,5-dihydrofuran distilled from the re-
action mixture during the addition, and when the addition was complete, 
the mixture was distilled until the temperature of the distillate reached 
160° . The entire distillate was dried and was distilled using a lab-size 
spinning-band column. The fraction that showed baps 60-110° was collected 
as crude 2,3-dimethy1-2,5-dihydrofuran and was dried and redistilled. 
This gave 12.0 g. (79.5%) of 2,3-dimethy1-2,5-dihydrofuran„ b.p. 90-105 ° 
 at atmospheric pressure. The n.m.r. spectrum (neat) of the crude 2,3- 
dimethy1-2,5-dihydrofuran of bop. 90-105 ° showed the presence of approxi-
mately 5% 2,3-dimethylfuran. The 2,3-dimethylfuran in this preparation 
showed absorptions at 2.80 (111, doublet, J = 2), 3.89 (1H, doublet, J = 
2), 7.87 (3H, singlet), and 8.12 T (3H, singlet). This material was com-
bined with 12.0 g. of 2,3-dimethyl-2,5-dihydrofuran of similar purity. 
The combined product was distilled from calcium hydride using a lab-size 
spinning-band column and furnished 16.68 g. (56.1%, based on the total 
starting material used) of pure 2,3•dimethy1-2,5-dihydrofuran, b.p. 102° 
at atmospheric pressure, 11 /2)7° 1.4280 [lit. (49), bop. 104° fl i2 ° 1.4325]. 
A portion of the above material was redistilled for elemental anal-
ysis using a micro spinning band column and showed bop. 102 ° at atmospheric 
pressure. 
Anal. 	C6H100 	 Calc'd: C, 73.43; H, 10.27 
(98.1) Found : C, 72.91; H, 10.45 
The n.m.r. spectrum (20%, carbon tetrachloride) showed absorptions 
at 4.50-4.68 (1H, closely spaced multiplet), 5.20-5.67 (3H, complex), 8.32 
(3H, closely spaced multiplet)„ and 8.83 T (3H, doublet, J = 6.0). The 
infrared spectrum showed Amax  3.37, 3.50, 6.02, 6.97, 7, 37, 7.48, 9.21, 
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9.40, 9.77, 10.72, 11.60, 12.54, 12.85 9 and 14.72 	among others. 
2 3-Dimeth 1-2 -dih drofuran from Acetoin and Vin ltri hen 1 hos  honium 
Bromide  
This compound was prepared by the published procedure (49) with 
the modification that the final reaction mixture was not poured into water 
and the product extracted with ether. Instead, the reaction mixture was 
distilled, and the distillate was collected until the temperature of the 
distilling vapor reached 150 ° . After redistillation using a lab-size 
spinning-band column the product showed b.p. 102-104 ° (42% yield) [lit. 
(49), b.p. 104°]. A fraction that showed b.p. 65-80° was also collected. 
The n.m.r. spectrum of this fraction showed it to consist predominantly 
of ethanol and benzene. 
Several modified procedures, using the modified work-up described 
above, were tried in an attempt to improve the yield of 2,3-dimethy1-2,5- 
dihydrofuran and are described below. The modified procedures utilized 
the same molar ratios of the reactants as the published procedure. 
Addition of a slurry of the sodium salt of acetoin to vinyltri-
phenylphosphonium bromide dissolved in the minimum amount of dimethyl-
formamide resulted in an 8.2% yield of 2 1 3-dimethy1-2,5-dihydrofuran. 
Addition of a solution of vinyltriphenylphosphonium bromide in the 
minimum amount of dimethylformamide to a slurry of the sodium salt of 
acetoin in ether, cooled in an ice bath, gave a 36.9% yield of 2„3-di-
methy1-2 1 5-dihydrofuran. 
Hydroxylation of 2.3-Dimethyl-2,5-dihydrofuran Using the Silver Acetate -
Iodine-Wet Acetic Reagent. d1-4-E idihydrodideoxystreptose 
In a 500-ml. round-bottomed three-necked flask that had been fitted 
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with a mechanical stirrer, a reflux condenser, and a powder funnel was 
placed 232 ml. of redistilled glacial acetic acid, 19.112 g. (0.115 mole) 
of silver acetate and 5.00 g. (0.510 mole) of 2,3-dimethy1-2„5-dihydrofu-
ran. Finely powdered iodine (13.60 g., 0.0535 mole) was added while 
stirring, over a period of 0.5 hr. When the addition was complete, the 
mixture was stirred for 0.5 hr., and 22.95 ml. of aqueous acetic acid 
[4.00 go of water per 100 ml. of solution, 0.918 g. of water (0.051 mole)] 
was then added. The resulting mixture was heated for 3.5 hr. at 60-65 ° . 
Solid sodium chloride (ca. 5 g.) was then added, and the solution was 
filtered. The inorganic material was washed thoroughly with hot benzene. 
The combined filtrates were concentrated to ca. 50 ml., filtered, and then 
concentrated to ca. 10 ml. The resulting solution was dissolved in 20 ml. 
of methanol and the 211 of the solution was adjusted to 7.0 using metha-
nolic potassium hydroxide (ca. 10%). Potassium hydroxide (4.2 g., 0.075 
mole) dissolved in the minimum amount of methanol was then added, and the 
mixture was allowed to stand under nitrogen overnight. The solution was 
then neutralized with 1.5 N hydrochloric acid and most of the methanol 
was evaporated. The resulting dark solution was extracted continuously 
with chloroform for 6 hr. This yielded 2.431 g. of a viscous black sir-
up that resisted crystallization. This sirup was chromatographed over 
silicic acid (50 g.) using chloroform. Fraction 1 (265 ml.) contained 
588 mg. of a black tar that was discarded. The eluting solvent was then 
changed to 2.0% methanol in chloroform. Fraction 2 (180 ml.) contained 
288 mg. of black tar that was discarded. The eluting solvent was next 
changed to 3% methanol. Fraction 3 (360 ml.) contained 1.337 go (19.8%) 
of a sirup that furnished crystalline material, m.p. 51-55 ° , from isopropyl 
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ether. Sublimation of the tan crystals at 45 ° and 80 p, furnished 963 mg. 
(14.3%) of hygroscopic white crystalline dl-4-epidihydrodideoxystreptose, 
m.p. 57-58° . A portion of this material was recrystallized three times 





Calc'd: C, 54.53; H, 9.15 
(132.2) Found : C, 54.75; H, 8.95 
The n.m.r. spectrum (7%, deuteriochloroform) showed absorptions at 
5.89 (1H, a doublet, J = -10.00; each component of which split into a dou-
blet J = 3.25), 6.18 (1H, a doublet, J = 5.25; each component of which 
was split into a doublet, J = 3.25), 6.22 (1H, a quartet, J = 6.4), 6.35 
(1H, a doublet, J = -10.00; each component of which split into a doublet, 
J = 5.25), 6.67 (2H, singlet), 8.85 (3H, singlet), and 8.85T (3H, doublet, 
J = 6.40). The infrared spectrum (10%, chloroforM) of the compound showed 
%
max 2.89, 3.32, 6.90, 7.25, 8.09, 8.75, 9.18, 9.87, 10.12, and 10.73 11, 
among others. 
GLC (10% QF-1, Argon Inlet Pressure 20 psig, C.T. 75 °),analydisLof 
the crude reaction product showed only one volatile component at R.T. 
9.94 min. Under the same conditions synthetic dl-dihydrodideoxystreptose 
gave only one peak at R.T. 8.46 min. 
H dro lation of 2. -Dimeth 1-2. -dih drofuran Using Osmium Tetroxide 
2,3-Dimethy1-21 5-dihydrofuran (980 mg., 10.0 mmole) and 5.38 ml. 
(0.01 mole of hydrogen peroxide) of a 6.32% solution of hydrogen peroxide 
in t-butyl alcohol prepared as previously described (50) were placed in a 
25-m1. round-bottomed flask. Osmium tetroxide (1 mg.) dissolved in 1 ml. 
of t-butyl alcohol was then added; the mixture immediately turned black 
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and became warm. After standing for 24 hr., the solvent was evaporated 
and 364 mg. (28.6%) of black sirup was obtained. 
Quantitative analysis of the reaction product was performed by GLC 
(10% QF-1, A.I.P. 20 psig, C.T. 94° ) analysis of a mixture of the crude 
product (25.8 mg.) and lauryl alcohol (7.4 mg.). This mixture showed peaks 
at R.T. 1.83 (area, 0.13 in0 2 )„ 2.36 (area, 0005 in. 2 )„ 2.84 (area, 0.02 
in. 2 ), 4.02 (area, 1.04 in. 2 ), 4.16 (area, 2.60 in. 2 ), 6.18 (area, 0.49 
in. 2 ) 8.81 (area, 0005 in. 2 ), 16.79 (area, 6.34 in0
2 
), and 24.61 min. 
(area, 0.16 in. 2 ). Under identical conditions lauryl alcohol showed only 
one peak at 16.79 min.; the crude product showed no peaks between 8081 
and 24.61 min. A mixture of dl-dihydrodideoxystreptose (44.8 mg.) and 
lauryl alcohol (46.3 mg.) was analyzed by GLC (same conditions as above) 
in order to determine the relative molar response of the two compounds 




Hydroxylation of 20-Dimethyl-2,5-dihydrofuran Using Potassium 
A mixture of 16.00 g. (00163 mole) of 2,3-dimethy1-2,5-dihydrofu-
ran and 200 ml. of distilled water was placed in a 1-1. three-necked 
round-bottomed flask that had been fitted with a mechanical stirrer, an 
alcohol thermometer, and an addition funnel. The mixture was cooled to 
1 ° in an ice-methanol bath and, while stirring, a solution of 25.8 g. 
(0.163 mole) of potassium permanganate in 500 ml. of distilled water was 
added at a rate that maintained a temperature of 1 ° + 1° . When the addi-
tion was complete, the mixture was removed from the ice bath and was al-
lowed to stand 1 hr. at room temperature. At the end of this time, the 
r 
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mixture had set to a purple gel. The mixture was then heated on a steam 
bath for 1 hr., and during this time the color changed from purple to 
chocolate brown. The mixture was filtered using suction, and the insol- 
uble material was triturated thoroughly with two 200-ml. portions of boil-
ing water. The combined aqueous filtrate was concentrated to ca. 150 ml. 
and was extracted continuously with chloroform for 60 hr. This yielded 
10.741 g. of a brown sirup that resisted crystallization. GLC analysis 
(10% QF-1, A.I.P. 20 psig, C.T. 78°) of the sirup showed peaks at R.T. 
7.40 (area, 0.41 in. 2 ) and 8.80 min. (area, 1.40 in. 2 ). Under identical 
conditions, crystalline , dl -dihydrodideoxystreptose from another prepara-
tion showed R.T. 7.40 min., and crystalline dl-4-epidihydrodideoxystrep- 
tose obtained as previously described (51) showed R.T. 8.80 min. Authen-
tic L-dihydrodideoxystreptose had GLC behavior identical to that of dl-
dihydrodideoxystreptose. 
The sirup was chromatographed over silicic acid (200 g." column 
dimensions 4.8 x 21.0 cm,), using chloroform. Fractions 1-3 contained no 
material. The eluting solvent was then changed to 2.1% methanol in chlo-
roform. Fractions 4-6 (500 ml. each) contained 367 mg. of an unidentified 
black gum that was shown by GLC analysis to contain none of the desired 
product. Fraction 7 (2.90 1.) contained 10,34 g. (48.5%) of an amber 
sirup that was shown by GLC analysis to consist only of dl-dihydrodideoxy-
streptose (22.6%) and d1-4-epidihydrodideoxystreptose (77.4%). Fraction 8 
(500 ml.) contained no material. The n.m.r. spectrum (40%, chloroform) 
of the crude unchromatographed material showed absorptions at 5.42 (2H, 
broad singlet), 5.67-6.58 (4H, complex, partially resolved), 8.77 (3H, 
singlet), 8.78 (3H, doublet, J = 6.3) 8.83 (3H, doublet, J = 6.4), and 
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8.84T (3H, singlet). 
d1-4-Epidihydrodideoxystreptose. Fractional crystallization of 
fraction 7 (10.34 go) from above was performed by dissolving the entire 
quantity of material in 15 ml. of isopropyl ether. The solution was seed-
ed with d1-4-epidihydrodideoxystreptose obtained crystalline as previous-
ly described (57). The crystalline material that separated from the so-
lution after standing at 0° overnight was collected and was washed with 
3 ml. of cold isopropyl ether. The filtrate was concentrated to 15 ml. 
and was seeded with dl-dihydrodideoxystreptose obtained crystalline from 
a similar preparation (the initial crystallization of dl-dihydrodideoxy-
streptose was accomplished by allowing a 50% isopropyl ether solution of 
the material in the filtrate from the first crop of d1-4-epidihydrodide-
oxystreptose to stand at 0 ° for four days). The crystalline material 
that separated from the solution was collected and was washed with 3 ml. 
of cold isopropyl ether. The filtrate was further concentrated and seed-
ed again with d1-4-epidihydrodideoxystreptose.. When crystallization was 
complete (24 hr.), the second crop of d1-4-epidihydrodideoxystreptose was 
collected and was washed with 3 ml. of cold isopropyl ether. This method 
of fractional crystallization was continued, using the filtrate from each 
crop, until no additional quantity of either dl-dihydrodideoxystreptose 
or d1-4-epidihydrodideoxystreptose could be obtained from the filtrate 
by seeding (about 2 g. of this sirup remained). The entire quantity 
(about 6 g.) of dl-4-epidihydrodideoxystreptose obtained from the frac-
tional crystallization was sublimed in vacuo at 50 ° and 80 	The re- 
sulting snow-white material was recrystallized three times from 10 ml. of 
isopropyl ether and furnished 4.692 g. (22.7% based on the amount of 
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2,3-dimethy1-2,5-dihydrofuran used in the hydroxylation of d1-4-epidihy-
drodideoxystreptose m.p. 58.5-59.5° (sealed tube). 
bis-p-Nitrobenzoyl derivative of 	 - 
tose. To a solution of d1-4-epidihydrodideoxystreptose (132 mg., 1.0 
mmole) in 15 ml. of dry pyridine was added, in small portions, while swirl-
ing, 1.265 g. (6.0 mmole) of freshly recrystallized D-nitrobenzoyl chlo-
ride. The solution was allowed to stand 18 hr. at room temperature and 
was then heated on a steam bath for 1 hr. At the end of this time, the 
solution was cooled, and saturated sodium bicarbonate solution (50 ml.) 
was added. After standing 1 hr., the solution was extracted with three 
30-m1. portions of chloroform. The combined chloroform extract was washed 
with 2% hydrochloric acid until the odor of pyridine could not be detected 
in the chloroform extract. The extract was dried, and the solvent was 
evaporated. This yielded 538 mg. of a mixture of red gum and crystalline 
material. This material was dissolved in 5 ml. of 2-butanone and the solu-
tion was concentrated to 2 ml. Methanol (5 ml..) was added and the mixture 
was allowed to stand overnight at 0 ° . This furnished 202 mg. of brown 
crystalline material, m.p. 168-171 ° . A second crop of 8 mg. was obtained 
from the material in the filtrate by crystallization from 1.0 ml. of meth-
anol. A portion of the crystalline material (194 mg.) was chromatographed 
over aluminia (10 g., column dimensions 2.3 x 6.0 cm.), using chloroform. 
Fraction 1 (20 ml.) contained 172 mg. of pale yellow crystalline materi-
al. Fraction 2 (10 ml.) contained 3 mg. of pale yellow crystalline mate-
rial. Fraction 3 (10 ml.) contained no material. Fractions 1 and 2 (175 
mg., 40.7%) were combined and were recrystallized twice from benzene-
methanol (1:2) for elemental analysis. The analytical sample showed m.p. 
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171.5-172° . 
Anal. 	C20H18N209 	Calc'd: C, 55.82; H, 4.22; N, 6.51 
(430.4) Found : C, 56.04; H, 4.33; N, 6.46 
The n.m.r. spectrum (23.6% deuteriochloroform) showed absorptions 
centered at 1.89 (8H, complex, four major lines), 4.21 (1H, doublet, J = 
5.2, each component split into a doublet, J = 2.2), 5.55 (1H, doublet, 
J = -11.5, each component split into a doublet, J = 5.2), 5.61 (1H, quar-
tet, J = 6.4), 6.02 (1H, doublet, J = =-11.5, each component split intcua 
doublet, J = 2.2), 8.35 (3H, singlet), and 8.56 T (3H, doublet, J = 6 .4). 
The infrared spectrum (KBr pellet) showed 
`max 
5.80 6.23, 6.58, 7.43, 
7.77, 8.21, 9.07, 9.90, 11.50, 11.74, 13.88, and 14.00 	among others. 
dl-Dihydrodideoxystreptose. The entire amount (about 3.2 g.) of 
dl-dihydrodideoxystreptioso obtained crystalline from the fractional crys-
tallization previously described was sublimed in vacuo at 60° and 80 11. 
This yielded 2.686 g. of white material that furnished 2.534 g. (11.7% 
based on the 2,3-dimethy1-2„5-dihydrofuran used in the hydroxylation) of 
dl-dihydrodideoxystreptose after recrystallization from 8 ml. of isopro- 
pyl ether. A portion of dl-dihydrodideoxystreptose of similar purity ob-
tained in another preparation was recrystallized twice from isopropyl 
ether for elemental analysis. The analytical sample showed m.p. 62-62.2 ° . 
Anal. 	C6H1203 
(132.2) 
Calc'd: C, 54.53; H, 9.15 
Found : C, 54.56; H, 9.10 
The n.m.r. spectrum (7%, deuteriochloroform) showed absorptions at 
5.98 (1H, a doublet, J = 7.00; each member split into a doublet, J = 
4.90), 6.09 (1H, a doublet, J = -8.75; each member split into a doublet, 
= 	6.34 (1H, a doublet, J = -8.75; each member split into a doublet, 
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J = 7.00), 6.36 (1H, quartet, J = 6.30), 6.98 (2H, singlet), 8.78 (3H, 
singlet), and 8.79 T (3H, doublet, J = 6.30). The infrared spectrum 
(10%, chloroform) showed % max 2.87, 3.30, 6.95, 7.29, 8.15, 9.85, 10.76, 
and 11.56 p.„ among others. The n.m.r. spectrum and the infrared spectrum 
of the synthetic dl-dihydrodideoxystreptose were both identical with the 
corresponding spectra obtained from a naturally derived sample of L-dihy-
drodideoxystreptose. 
12-2-Nitrol vatLi cstreptose. 
To a solution of dl-dihydrodideoxystreptose (132 mg., 1.0 mmole) in 15 ml. 
of dry pyridine was added, in small portions, while swirling, 1.265 g. 
(6.0 mmole) of freshly recrystallized 2-nitrobenzoyl chloride. The solu-
tion was allowed to stand 18 hr. at room temperature and was then heated 
on the steam bath for 1 hr. At the end of this time, the solution was 
cooled, and saturated sodium bicarbonate solution (50 ml.) was added. Af-
ter standing 1 hr., the solution was extracted with three 30-ml. portions 
of chloroform. The combined chloroform extract was washed with 2% hydro-
chloric acid until the odor of pyridine had disappeared. The extract was 
dried, and the solvent was evaporated. This yielded 455 mg. of a mixture 
of brown crystals and red gum. This mixture was dissolved in 5 ml. of 
hot benzene, and the solution was concentrated to 2 ml. Methanol (4 ml.) 
was added, and after standing at 0 ° overnight, 212 mg. of brown crystals 
separated from the solution. This material was collected and combined 
with a second crop of 21 mg. obtained by crystallization of the material 
in the filtrate from 1.5 ml. of methanol. The first crop showed m.p. 
The author is very grateful to Mr. R. K. Chawla for this sample. 
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155-157 ° . Chromatography of the brown crystalline material (229 mg.) over 
aluminia (10 g., column dimensions 2.6 x 6.0 cm.) was performed using chlo-
roform. Fraction 1 (20 ml.) contained 193 mg. of pale yellow crystalline 
material, fraction 2 contained 10 mg. of pale yellow crystalline material, 
and fraction 3 (10 ml.) contained no material. Fractions 1 and 2 (203 mg., 
46.8%) were combined and recrystallized twice from benzene-methanol (1:2) 




Calcid: C, 55.82; " H, 4.22;'N„ 6,51 
(430.4) Found : C, 56.03; H, 4.36; N, 6.64 
The n.m.r. spectrum (20%, deuteriochlorofolm) of the compound showed 
absorptions centered at 1.86 (8H, complex, four major lines), 4.24 (1H, 
doublet, J = 4.8; each component split into a doublet, J = 2.9), 5.70 
(1H, doublet, J = -11.1; each component split into a doublet, J = 4.8), 
5.72 (1H, quartet, J = 6.6), 5.88 (1H, doublet, J = -11.1; each compo-
nent split into a doublet, J = 2.9), 8.16 (3H, singlet), and 8.50 T (3H, 
doublet, J = 6.6). The infrared spectrum (KBr pellet) showed % max 5.81, 
6.26, 6.59, 7.75, 8.22, 8.91, 9.12, 9.93, 11.50, 11.77, 12.77, and 13.99 
p l among others. 
AttempteclOp drodideoxystreptose, 
irHydrogen thaiolDrj ou-t,ariedioi. 2-Meth-
y1-21 3-butanediol was prepared by catalytic reduction of 3-hydroxy-3-meth-
y1-2-butanone. The product showed b.p. 77 ° /13.5 mm. [lit. (52), b.p. 75-
76°/14 mm.]. Phthalic anhydride (1.233 g., 8.32 mmole) was added to a 
solution of 1.00 g. (9.6 mmole) of 2-methyl-2„3-butanediol in 10.0 ml. of 
pyridine. The solution was heated on the steam bath for 1 hr. and was 




adjusted to 1.0 with 2% hydrochloric acid. The solution was extracted 
with three 50 ml. portions of chloroform; the combined chloroform extract 
was dried, and the solvent was evaporated. This yielded 1.558 g. (92.6%) 
of crystalline material that showed m.p. 128-129 ° . Recrystallization of 
the product from the minimum amount of benzene yielded 1.242 g. (74%) of 
the 3-hydrogen phthaloyl derivative of 2-methy1-2,3-butanediol, which 
showed m.p. 128-129°. A portion of this material was recrystallized three 
times from benzene for elemental analysis. The analytical sample showed 
m.p. 131.5-132° . 
Anal. 	C13H160 5 




Found : C, 62.38; H, 6.42 
  
The n.m.r. spectrum (20%, deuteriochloroform) of the compound 
showed absorptions at 1.32 (2H, broad singlet), 2.00-2.58 (4H, complex), 
4.74 (1H, quartet, J = 6.5), 8.70 (6H, singlet), and 8.70 ¶ (3H, doublet' , 
= 6-5)0 The infrared spectrum (KBr pellet) of the compound showed % max 
2.86, 3.36, 5.66, 5.81, 6.90, 8.32, 8.84, 9.14, 9.72, 10.72, 10.91, and 
11.94 Il l among others. 
Attempted Preparation of the 2-Hydrogen Phthaloyl Derivative of  
dl-Dihydrodideoxystreptose. To a solution of dl-dihydrodideoxystreptose 
(500 mg., 3.79 mmole) in 15 ml. of dry pyridine, 561 mg. (3079 mmole) of 
freshly recrystallized phthalic anhydride was added. The mixture was 
heated on a steam bath under reflux for 18 hr., cooled, and poured into 
40 ml. of water. Solid sodium bicarbonate (ca. 5 g.) was then added. Af-
ter standing 1 hr., the solution was extracted with chloroform until the 
odor of pyridine had disappeared. The DH of the solution was adjusted to 
1.0 using 5% hydrochloric acid, and the solution was extracted continuously 
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with chloroform for 5 hr. The extract was dried, and the solvent was evap-
orated. This yielded 790 mg. (76.4%) of a tan glass that resisted crys-
tallization from a variety of solvents. The entire amount of material 
was chromatographed over silicic acid (20 g.) using chloroform. Fraction 
1 (50 ml.) contained no material. Fraction 2 (45 ml.) contained 145 mg. 
of a sirup that contained crystalline material. Fraction 3 (85 ml.) con- 
tained 105 mg. of a brown glass. Fraction 4 (60 ml.) contained 107 mg. of 
a brown glass. The eluting solvent was then changed to 2% methanol in 
chloroform. Fraction 5 (100 ml.) contained 212 mg. of a brown glass. 
Fraction 6 (100 ml.) contained 112 mg. of a brown glass. Fraction 7 con- 
tained no material. Fractions 3-6 resisted crystallization from a variety 
of solvents. Fraction 2 was recrystallized from the minimum amount of 
isopropyl ether and furnished 80 mg. of material that showed m.p. 115-117 ° . 
A portion of this material was recrystallized three times from isopropyl 








	Calc'd: C, 64.12; H, 5.38 
(262.3) 	Found : C, 64.34; H, 5.44 
The n.m.r. spectrum (29%, deuteriochloroform) showed absorptions 
at 2.10-2.40 (4H, complex), 5.18 (1H, doublet, J = 3.25), 5.85 (1H, dou-
blet, J = -11.3), 6.35 (1H, doublet, J = -11.3; each component split in-
to a doublet, J = 3.25), 6.45 (1H, quartet, J = 6.31), 8.38 (3H, singlet), 
and 8.68 T (3H, doublet, J = 6.31). The infrared spectrum (KBr pellet) 
showedmax 3.31, 5.62, 5.82, 7.38, 7.60, 8.19, 8.84, 9.04, 11.57, 11.95, 
13.12, 13.79, and 14.56 II, among others. When the infrared spectrum of 
the compound was determined using a film of the uncrystallized material, 
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only one carbonyl absorption (560' . 11) was observed. 
The n.m.r. spectruM (17%, deuteriochlorofOrm) of fraction 5 showed 
absorptions at 2.28-2.85 (11 squares complex), 3.96 (5.7 squares, broad 
singlet), 4.84 (1H, broad triplet, j=. ()), 5.88-6.68 (11.4 squares, par-
tially resolved complex signal), 8045 (1 square, singlet), and 8.58-9400 
(1907 squares, four lines). The infrared spectrum (film) showed % max 
2.80, 3.30, 3.70Q 4036, 5.59, 5.77, 6.24, 6.33 2 60902 7.79, 8094, 11.02, 
and 13011 	among others. 
Fractions 4 and 5 were combined with corresponding fractions from a 
similar preparation; a total of 488 mg. (1.74 mmole, assuming the material 
consisted of only the 2-hydrogen phthaloyl derivative of dl-dihydrodideoxy-
streptose) of material was obtained. This material was dissolved in 1 ml. 
of acetone and 343 mg. (0087 mmole one-half of the calculated amount) of 
brucine dissolved in the minimum amount of hot acetone was added. This 
preparation resisted crystallization from a variety of solvents. Brucine 
6 
(343 mg., 0087 mmole) was then added to the solution of the preparation in 
10 ml. of acetone, and the mixture was warmed to dissolve the brucine. 
This preparation also resisted crystallization from a variety of solvents. 
An attempted preparation of the 2-hydrogen phthaloyl derivative 
of dl-dihydrodideoxystreptose similar to the one described above was car-
ried out The pyridine solution of the reactant was not heated, but was 
allowed to stand at room temperature for nine days. Work up of the re-
action mixture using the procedure described above, followed by chroma-
tography of the product over silicic acid, gave results essentially iden-
tical to those obtained when the pyridine solution was heated. 
The 2-hydrogen phthaloyl derivative of dl-dihydrodideoxystreptose 
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was recovered from the gummy brucine salt using the method previously 
described (53) for recovery of the bis-hydrogen phthaloyl derivative of 
d1-3-nordihydrodideoxystreptose. 
Thin-layer chromatography (TLC) of the recovered 2-hydrogen phthal-
oyl derivative over silica gel HF254 (360 mil) visualized under long wave-
length U.V. light, using benzene-methanol-acetic acid (50:4:2) showed 
five spots at RF 0.305 (weak), 0.389 (strong), 0.59 (strong), 0.76 (weak), 
and 0.824 (weak). Under identical conditions phthalic acid showed RF 0.3 
and the crystalline by-product of the attempted 2-hydrogen phthaloyl de-
rivative preparation showed RF 0.59. 
A solution of dl-dihydrodideoxystreptose (205 mg., 152 mole), 
pyridine (5 ml.), and phthalic anhydride (230 mg., 1.55 mnnole) was boiled 
under reflux for 14 hr.; the solution was protected from moisture using 
a drying tube. The pyridine was evaporated in vacuo from the reaction 
mixture and the residue was dried in vacuo to constant weight at room 
temperature. There resulted 416 mg. (105%) of a tan glass. TLC analy-
sis (silica gel HF 254; benzene-methanol-acetic acid, 50:4:2; 2 develop-
ments) showed spots at RF 0.3 (weak, phthalic acid), 0.39 (strong, 2-hy-
drogen phthaloyl derivative of dl-dihydrodideoxystreptose), 0.59 (strong, 
crystalline by-product), 0.77 (weak, unknown), and 0.82 (weak, unknown). 
Preparative TLC of the reaction product was performed using the 
same conditions as above, and the adsorbant containing the band corre-
sponding to the above band at RF 0.39 was removed from the plate* The 
adsorbant was rinsed with eight 25-ml. portions of chloroform. The chlo-
roform was evaporated; this yielded 6 mg. of material that showed spots ) 
 upon TLC analysis using the same conditions as above, at RF 0.39 and 0.96. 
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Continuous extraction of the adsorbant with chloroform for three hours 
furnished 13 mg. of material that showed three spots, upon TLC analysis 
using identical conditions as above at R F 0.39, 0.65, and 0.96. 
A portion (815 mg.) of the reaction product from an attempted 
phthalate preparation that showed spots at R F 0.3, 0.39, 0.59, 0.77, and 
0.82 was heated under reflux for four days with 25 ml. of acetic acid-
chloroform (5:95). The chloroform-acetic acid solution was then evapo-
rated. TLC analysis of the residue showed spots at RF 0.30, 0.39, 0.59, 
0.77, and 0.82. The spot at RF 0.39 was less intense than it was in the 
material that had not been treated with hot acetic acid-chloroform . 
1-Menthoxyacetyl Derivative of L-Dihydrodideoxystreptose. To a 
a solution of L-dihydrodideoxystreptose derived from streptomycin (63 mg., 
0.476 mole) in 5 ml. of dry benzene containing 50 mg. of dry pyridine, 
107.8 mg. (0.474 mole) of freshly distilled 1-menthoxyacetyl chloride 
prepared as described elsewhere (44), was added dropwise while stirring 
and cooling. The mixture was stirred overnight, and 10 ml. of benzene 
was then added. The resulting benzene solution was washed with two 10-m1. 
portions of water, one 5-ml. portion of 1 N hydrochloric acid, one 5-ml. 
portion of 5% sodium bicarbonate solution, and finally with one 5-ml. por-
tion of water. The benzene solution was dried, and the solvent was evap-
orated. This yielded 114 mg. (73%) of partially crystalline material that 
showed m.p. 41-58 ° . The material was chromatographed over silicic acid 
(2.3 g.) using chloroform. Fraction 1 (15 ml.) contained 7 mg. of materi-
al that was discarded. Fraction 2 (46 ml.) contained 24 mg. of brown sir-
up that was not investigated further. Fraction 3 (12 ml.) contained 67 
mg. of crystalline material that showed m.p. 76-78 ° . Fraction 4 (24 ml.) 
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contained 12 mg. of material that was not investigated further. The 1- 
menthoxyacetyl derivative of L-dihydrodideoxystreptose (fraction 3) showed 
La480 _
56.02° + 0.73 (c 3.32, 95% ethanol). 
2-1-Methoxyacetyl Derivative of dl-Dihydrodideoxystreptose. dl-Di-
hydrodideoxystreptose (0.762 g., 5.77 mmole) was added to a solution of 
dry pyridine (0.510 g., 6.62 mmole) in 35 ml. of dry benzene; the mixture 
was warmed slightly to dissolve the solid. This mixture was cooled to 10 ° 
 in an ice bath, while stirring, and a solution of freshly distilled 1-men- 
thoxyacetyl chloride (1.345 g., 5.77 Mmole) in 25 ml. of dry benzene was 
added dropwise by means of an addition funnel that had been fitted with 
a drying tube. The temperature of the reaction mixture was maintained 
below 10 ° . When the addition was complete, the mixture was removed from 
the ice bath and was stirred overnight, The mixture was then washed suc-
cessively with two 50-m1. portions of water, two 25-m1. portions of 0.1 
N hydrochloric acid, two 50-ml. portions of 5% sodium bicarbonate solu-
tion, and two 50-m1. portions of water. The resulting benzene solution 
was dried, and the solvent was evaporated; this yielded 1.690 g. (87.5%) 
of a colorless sirup that crystallized within five minutes to give mate- 
[a48 = rial that had mop. 79-85 ° , 	-63.18° + 0.97° (c 3.31 in 95% etha- 
nol). A portion of the material was recrystallized three times from 
ligroin for elemental analysis and showed mop. 85-86°. 
Anal. 	C18H320 5 	
Calc'd: C, 65.82; H, 9.82 
(328.5) Found : C, 66.06; H, 9.90 
The infrared spectrum (5%, chloroform) showed % max 2.69, 3.35, 5,67, 
6.89, 7.78, 8.90, 10.99, 11.54, and 11.89 	among others. In addition 
to showing `max at the positions described above, the infrared spectrum 
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showed an additional absorption at 5.81 11. when taken using a KBr pellet. 
Attempted fractional crystallization. The mixture of the 1- 
menthoxyacetyl derivatives of dl-dihydrodideoxystreptose (1.475 g.) from 
F 1 a preparation similar to that described above that showed [a ]D 8  -63.42 + 
0.75° (c 3.34, 95% ethanol) was recrystallized from 25 ml. of ligroin and 
furnished 795 mg. of material that showed [a] p -62.10 + 0.3° (c 304395% 
ethanol). This material was recrystallized from 13 ml. of ligroin and 
furnished 412 mg. of material that showed ba4 8 -63.39 + 0.67 ° (c 3.34, 
95% ethanol). 
Attempted separation using counter-current distribution. The 
distribution coefficient for the mixture of 1-menthoxyacetyl derivatives 
of dl-dihydrodideoxystreptose in the solvent system benzene-methanol-
water (20:11:2) was found to be 0.49 for the top to bottom phase. The 
composition of the top phase was shown to be 1.6:4.0:1.0 by volume of 
benzene-methanol-water and the composition of the bottom phase was shown 
to be 10.0:5.5:1.0 by volume of benzene-methanol-water. The composition 
of each phase was determined by integration of the n.m.r. spectra of the 
two phases. The distribution coefficient was determined by dissolving 
154.7 mg. of material in a mixture of 36.0 ml. of bottom phase, adding 
28.8 ml. of top phase, and shaking thoroughly to equilibrate the materi-
al between the two phases. The two phases were then separated, and af-
ter evaporation of solvent it was found that 28.8 ml. of the top phase 
contained 44.0 mg. of material and 36.0 ml, of the bottom phase contained 
112.0 mg. of material. The amount of material contained in a milliliter 
of each phase was then calculated, and from this the distribution coef-
ficient was calculated. 
_ _ 	_ 
The immiscibility of the solvent system methanol-petroleum ether 
(25:63) was found to be too sensitive to temperature changes to be used, 
although at 25° the distribution coefficient for top to bottom phase was 
found to be 0.473. A change of 5 ° was found to greatly change the 
amount of each phase present in this system. 
The solvent system methanol-chloroform-water (14:20:6) was tried 
and was found to form an emulsion when shaken that was difficult to sepa-
rate when the 1-menthoxyacetyl derivatives were present. This solvent 
system was not investigated further. 
Using the solvent system benzene -methanol-water (20:11:2) the 
countercurrent distribution apparatus was adjusted so that each transfer 
delivered 15 ml. of the moving (top) phase and four transfers (60 ml.) 
were collected in a fraction collector as one fraction. The mixture of 
1-menthoxyacetyl derivatives (2.06 g.) of dl-dihydrodideoxystreptose was 
dissolved in 30 ml. of bottom phase and this solution was divided into 
three equal parts and placed in the first three cells. The reservoir 
was then filled with top phase that had been equilibrated with bottom 
phase, and the instrument was started. The fractions taken are summarized 
in the figure below. 
Fractions 67-72 were combined (128.5 mg.) and chromatographed 
over silicic acid (2.30 g.) using chloroform. Fraction .1 (10 ml.) con-
tained 6 mg. of material that was discarded. Fraction 2 (20 ml.) con-
tained 95 mg. of crystalline material that showed [a] D -61034° + 0.45° 
 (c 3.1, 95% ethanol). 
Fractions 79-81 (195 mg.) were combined and chromatographed over 
silicic acid (4.0 g.) using chloroform. Fraction 1 (20 ml.) contained 
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Figure lo The Elution Pattern for the Attempted Separation of 
the 1-Menthoxyacetyl Derivatives of dl-Dihydrodideoxy-
streptose Using Countercurrent Distribution. 
17.3 mg. of brown oil that was discarded. Fraction 2 (32 ml.) contained 
136 mg. of crystalline material that showed H D -62.18 ° + 0.31° (c 3.2, 
95% ethanol. 
Fractions 92-99 (127 mg.) were combined and chromatographed over 
silicic acid (3.0 g.) using chloroform. Fraction 1 (30 ml.) contained 33 
mg. of brown oil that was discarded. Fraction 2 (42 ml.) contained 62 mg. 
of crystalline material that showed [a] ]2:19 -61.01° + 0.8° (c 2.9, 95% 
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ethanol). 
The contents of cells 164-199 in the countercurrent distribution 
apparatus were next combined, and contained 136 mg. of chloroform-soluble 
material that resisted crystallization and was not investigated further. 
The contents of cells 153-163 furnished 9.9 mg. of material, cells 142-
152 furnished 21 mg. of material, cells 131-141 furnished 18 mg. of mate-
rial, cells 120-130 contained 14 mg. of material, cells 109-119 contained 
19 mgo of material, and cells 99-108 contained 16 mg. of material. The 
contents of these cells were brown oils that resisted crystallization and 
were not investigated further. 
The countercurrent distribution fractions (123-128 and 132 -141)/ 
that contained crystalline material but had not been chromatographed over 
silicic acid were combined with the crystalline silicic acid chromatography 
fractions from the three previously described silicic acid columns and 
this material (1.089 go) was chromatographed over silicic acid (20 go) 
using chloroform. Fraction 1 (80 ml.) contained 192 mg. of brown oil that 
was discarded. Fraction 2 (180 ml.) contained 823 mg. of crystalline ma-
terial that showed [a] p -59.78° + 0.6° (c 2.004, 95% ethanol). Fraction 
3 (100 ml.) contained 6 mg. of material that was discarded. A portion of 
fraction 2 (790 mg.) was recrystallized from ethanol-water and furnished 
575 mg. of material that showed H D -60.46° + 0.7° (c 2.004, 95% ethanol). 
This material (575 mg.) was recrystallized from ethanol-water again and 
furnished 274 mg. of material that showed H D -61_18° + 0.3 ° (c 2.03, 
95% ethanol). This 274 mg. of material was recrystallized from methanol 
at -80° and there was obtained 101 mg. of material that showed [a] i) -60.52 ° 
 + 0.39° (c 2.049, 95% ethanol). 
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All the filtrates and crystalline material from the attempted frac-
tional crystallization of silicic acid chromatography of fraction 2 were 
combined; the material amounted to 766 mg. of the 2-1-menthoxyacetyl de-
rivative of dl-dihydrodideoxystreptose. 
This material (766 mg., 2.31 mmole) was hydrolyzed by allowing it 
to stand overnight in 20 ml. of methanol-water containing 200 mg. of so-
dium hydroxide. Continuous extraction of the hydrolysate with chloroform 
overnight yielded an extract that, after drying and evaporation of solvent, 
furnished 214.2 mg. (69.5%) of dl-dihydrodideoxystreptose that showed H D 
 +0.197 + 0.59° (c 1.01, chloroform) and mop. 61.5-62 ° after two recrystal-
lizations from isopropyl ether. 
Attempted Separation Using GLC. GLC (11%, EGSS-X, A.I.P. 20 psigp, 
C.T. 185 ° ) analysis of the 1-menthoxyacetyl derivatives of dl-dihydrodide-
oxystreptose showed only one symmetrical peak (R.T. 44.9 min.). Using 
10% V-1 (A.I.P. 20 psig., C.T. 189 ° ) the 1-menthoxyacetyl derivatives of 
dl-dihydrodideoxystreptose showed only one symmetrical peak at R.T. 44.65 
min. 
The trimethylsilyl derivatives of the 2-1-menthoxyacetyl deriva-
tives of dl-dihydrodideoxystreptose were prepared (54) by mixing 10 mg. 
of the 2-1-menthoxyacetyl derivatives of dl-dihydrodideoxystreptose, 1.0 
ml. of dry pyridine, 0.2 ml. of hexamethyldisilazane and 0.1 ml. of chlo- 
rotrimethylsilane in a small vial and shaking the solution for one minute. 
GLC analysis (3%, SE-30, A.I.P. 20 psig., C.T. 186 ° ) of the mixture after 
2 hr. showed peaks at R.T. 3.35 min. and 5.72 min. of approximately equal 
intensity. Under identical conditions the 1-menthoxyacetyl derivatives 
of dl-dihydrodideoxystreptose showed one peak at R.T. 3.35 min. After 
r 
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12 hr. GLC analysis of the mixture (under identical conditions) showed 
only one symmetrical peak at R.T. 5.72 min. 
Using 10% 0V-1 (A.I.P. 20 psig., C.T. 158 ° ) the trimethylsilyl de-
rivatives showed only one symmetrical peak at R.T. 42.2 min. 
d-Bornyloxyacetyl Chloride. Stock d-borneol that showed [a]f)8 
 32.52° (c 5.9, toluene) [lit. (55), [a] i) 37.6° , (c 5.9, toluene)] was con-. 
verted into optically impure d-bornyloxyacetic acid in 80% yield using 
the published (55) procedure. Recrystallization of 2.041 g. of the acid 
from 5.0 ml. of hexane furnished 1.124 g. of material that showed [a]D6  
46.00 ± 0.3° (c 2.0, 95% ethanol), and mop. 72-74.5 ° [lit. (55), [a] p 
 59.1° (c 2.0, 95% ethanol)]. The optically impure d-bornyloxyacetic acid 
was converted into d-bornyloxyacetyl chloride (95% yield) using the pub-
lished (55) procedure. The acid chloride showed b.p. 88-89 ° /l.0 mm. 
Stock d-borneol (67.4 g., 0.438 mole) was placed in a 2-1. three-
necked round-bottomed flask that had been fitted with a mechanical stir-
rer, an addition funnel, and a reflux condenser. A solution of pyridine 
(40.0 g., 0.506 mole) in dry benzene (500 ml.) was added, and after the 
d-borneol dissolved, the resulting solution was cooled to 10 ° . A solution 
of 99.4 g. (0.432 mole) of optically impure d-bornyloxyacetyl chloride 
in 200 ml. of dry benzene was added dropwise, while stirring and cooling. 
When the addition was complete the mixture was stirred overnight at room 
temperature. Water (300 ml.) was then added to dissolve the precipitated 
pyridine hydrochloride, and after removal of the water layer, the result-
ing benzene solution was washed with two 200-ml. portions of 2 N hydro- 
chloric acid, two 100-m1. portions of 10% sodium bicarbonate solution, 
and finally with two 200-ml, portions of water. The bulk of the benzene 
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in the resulting material was steam distilled to remove the unreacted 
d-borneol. The residue was then dissolved in 900 ml. of ether, the ether 
solution was dried, and the solvent was evaporated. This furnished 146 24 
g. (100%) of d-bornyl-d-bornyloxyacetate that showed EcO D 52.40 ° + 0.6° 
(c 2.0, chloroform) and m.p. 68-71° [lit. (55), m.p. 72° , Lcdp 63 . 3° (c 
2.0, chloroform)]. 
The entire amount of ester from above was recrystallized from 100 
ml. of methanol-water (100:8), collected on a filter, and washed with 
100 ml. of ice cold methanol. The resulting material showed m.p. 72.5- 
73.5° and H D 58.3° + 0.5 °  (c 2.0, chloroform). The material was recrys- 
tallized from 100 ml. of methanol; the crystalline material that separated 
showed [a] r) 59.8° + 0.5° (c 2.0, chloroform). Recrystallization of the 
resulting ester from 100 ml. of methanol furnished material that showed 
] D  63.4° ± (c 2.0, chloroform). This material was recrystallized 
again from 100 ml. methanol and 84.6 g. (57.8%) of optically pure d-bornyl-
d-bornyloxyacetate that showed m.p. 72.8-73.2 ° and [a] 62.6° + 1.0 ° (c 
2.0, chloroform) was obtained. 
The optically pure ester (84.6 g., 0.243 mole) was heated under 
reflux for 1.5 hr. with potassium hydroxide (16.4 g., 0.292 mole) dis- 
solved in 1.62 1. of 95% ethanol. About 700 ml. of ethanol was then dis-
tilled from the solution at atmospheric pressure, and the remainder of 
the ethanol was removed by passing steam through the mixture. The re- 
sulting aqueous solution that contained solid d-borneol was extracted with 
four 350-ml. portions of ether. The ether extract was washed with three 
200-m1. portions of water and was dried. Evaporation of the ether fur-
nished 36.2 g. (95%) of d-borneol that showed m.p. 204.5-205.5 ° (sealed 
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[a]D2 tube) and Ea 	40.40° + 0.5° (c 5.94, toluene) flit. (55) m.p. 204.5- 
205° , Ecti p 37.6° (c 5.9, toluene)]. 
The 0 of the aqueous solution from the ether extraction was ad-
justed to 1.0 with 6 N hydrochloric acid, and the resulting mixture was 
extracted with three 500-m1. portions of ether. The ether extract was 
dried, and the solvent was evaporated. This yielded 51.20 g. (99%) of 
optically pure d-bornyloxyacetic acid. A portion of this material was 
recrystallized from hexane and showed m.p. 77.5-78° and [a] D 55.11° + 
0.5 ° (c 2.0 95% ethanol). 
Recrystallized d-bornyloxyacetic acid (24.27 g., 0.105 mole) was 
heated at 60° for 3 hr. with 50 ml. of thionyl chloride. At the end of 
this time the excess thionyl chloride was removed by distillation in vacuo, 
and the residue was distilled in vacuo. This yielded 23.43 g. (97%) of 
d-bornyloxyacetyl chloride that showed b.p. 88-89 ° /1.0 mm. [lit. (55), 
b.p. 140-143 ° /17 mm.]. 
Attempted Preparation of the d-Bornyloxyacetyl Derivatives of dl-
Dihvdrodideoxvstreptose. dl-Dihydrodideoxystreptose (103 mg., 0.78 mmole) 
was dissolved in a solution of dry pyridine (70 mg., 0.89 mmole) in dry 
benzene (10 ml.). The mixture was cooled in an ice bath and a solution 
of d-bornyloxyacetyl chloride (185 mg., 0.80 mmole) in benzene (15 ml.) 
was added dropwise while stirring. When the addition was complete the 
mixture was allowed to stand overnight, and then benzene (25 ml.) was add-
ed. The benzene solution was washed with three 15-ml. portions of water 
and was dried. The solvent was evaporated; this yielded 182 mg. (71.5%) 
of a sirup that resisted crystallization from a variety of solvents. This 
sirup was chromatographed over silicic acid (5.0 g.) using chloroform. 
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Fraction 1 (20 ml.) contained no material. Fraction 2 (15 ml.) contained 
56 mg. of a colorless sirup. Fraction 3 (10 ml.) contained 66 mg. of a 
colorless sirup. Fraction 4 (6 ml.) contained 30 mg. of a colorless sir-
up. Fraction 5 (10 ml.) contained no material. The contents of fractions 
2-4 resisted crystallization from a variety of solvents. 
The infrared spectrum (film) of fraction 3 showed `max 
 2.81, 3.35, 
5.70, 6.95, 8.92, 9.82, and 11.55 1.1, among others. 
Attempted Preparation of the Acid Chloride of 1-Menthyl Hydrogen 
Phthalate, 1-Menthol (15.6 g., 0.10 mole) was added to a solution of 
freshly recrystallized phthalic anhydride (14.8 g., 0.10 mole) in dry py-
ridine (100 ml.). The solution was boiled under reflux overnight. The 
solution was cooled, and the bulk of the pyridine was evaporated. The 
resulting brown sirup that contained crystalline material was dissolved 
in benzene (300 ml.). The benzene solution was washed with 5% hydrochlo- 
ric acid until the odor of pyridine had disappeared. The benzene solution 
was dried and the solvent was evaporated. The crystalline residue was re-
crystallized from 150 ml. of ligroin two times. This furnished 20.10 g. 
(66%) of 1-menthyl hydrogen phthalate that showed m.p. 111-113 ° [lit. 
(56), labile form m.p. 110 ° , stable form m.p. 122° ]. The solvent was 
evaporated from the combined filtrates of the two recrystallizations. 
This yielded 11.62 g. of material that crystallized when cooled. 
1-Menthyl hydrogen phthalate (2.048 g., 6.73 mmole) was dissolved 
in thionyl chloride (5 ml.). The solution was allowed to stand 6 hr. and 
then the thionyl chloride was evaporated in vacuo at room temperature. 
The resulting brown liquid that contained crystalline material was fil- 
tered and the crystalline material (753 mg.) was collected. This material 
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was identified as phthalic anhydride by its infrared spectrum, which was 
identical to the spectrum of an authentic sample. The filtrate contained 
1.219 g. of a brown liquid that evolved hydrogen chloride while standing 
at room temperature. This material was not investigated further. 
Attempted Preparation of the Acid Chloride of 1-Menthyl Hydrogen 
Succinate. A solution of 10.06 go (0.1 mole) of succinic anhydride and 
15.6 g. (0.1 mole) of 1-menthol in 120 ml. of dry pyridine was heated on 
the steam bath for 12 hrs. Most of the pyridine was then evaporated in 
vacua, and the residue was dissolved in 200 ml. of benzene. The result-
ing benzene solution was washed with 5% hydrochloric acid until the odor 
of pyridine had disappeared. The solution was dried, and the solvent was 
evaporated. The crystalline material that resulted was recrystallized 
three times from ligroin. This yielded 11.64 go. (45.3%) of 1-menthyl hy-
drogen succinate that showed m.p. 63.2-64 ° [lit. (57) m.p. 57-59 °]. The 
product was very soluble in ligroin, and the combined filtrates from the 
recrystallizations contained 13.76 g. of 1-menthyl hydrogen succinate 
that crystallized after evaporation of the solvent. 
A solution of 10.00 go (0.0391 mole) of 1-menthyl hydrogen suc-
cinate in 15 ml. of thionyl chloride was heated at 35 ° for 3 hr. The ex-
cess thionyl chloride was evaporated at room temperature in vacuo. At-
tempted distillation of the resulting brown liquid at 0.2 mm. resulted 
in extensive decomposition of the material and the formation of succinic 
anhydride and hydrogen chloride. 
After evaporation of excess thionyl chloride, the crude reaction 
product (3.10 g., 1.21 mmole) from a similar preparation was dissolved 
in 10 ml. of ligroin, centrifuged, and the supernatant liquid was removed 
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from the small amount (ca. 30 mg.) of succinic anhydride present. The 
petroleum ether solution was placed in a dry ice-acetone bath; crystal-
line material separated from the solution. The supernatant liquid was 
removed using a filter stick, and the resulting solid material was re-
crystallized three times from 25 ml. of petroleum ether in this way. The 
crystalline material (1.54 g., 46.4%) from the final recrystallization 
melted at about 30 ° . This material slowly evolved hydrogen chloride as 
it melted. The material was frozen in a dry ice-acetone bath and was 
dried in vacuo. The material melted during the drying, and after 25 min. 
of drying the material was found to be predominantly crystalline succinic 
anhydride. 
Attempted Optical Resolution of d1-4-Epidihydrodideoxystreptose  
2-Hydrogen Phthaloyl Derivative of d1-4-Epidihydrodideoxystrep-
tose. d1-4-Epidihydrodideoxystreptose (1.2 g., 9.25 mmole) and 1.345 g. 
(9.1 mole) of freshly recrystallized phthalic anhydride were dissolved 
in 10 ml. of dry pyridine. The solution was heated on a steam bath for 
20 hr., cooled, and then poured into 70 ml. of water. Sodium bicarbonate 
was added until the solution was saturated; the resulting solution was ex-
tracted with chloroform until the odor of pyridine had disappeared. The 
EH of the aqueous solution was then adjusted to 1.0 with 5% hydrochloric 
acid and the solution was extracted with four 100-m1. portions of chloro-
form. The combined chloroform extract was dried, and the solvent was 
evaporated. This yielded 2.068 g. (81.2%, assuming the material consist-
ed of only the 2-hydrogen phthaloyl derivative of dl-4-epidihydrodideoxy-
streptose) of a tan glass that resisted crystallization from a variety 
of solvents. 
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The glass (2.068 g.) from above was chromatographed over silicic 
acid (50 g.) using 2% methanol in chloroform. Fraction 1 (400 ml.) con-
tained 179 mgo of gum that resisted crystallization and was not investi-
gated further. Fraction 2 (300 ml.) contained 1.608 g. of a colorless 
glass that resisted crystallization from a variety of solvents. Fraction 
3 (200 ml.) contained 329 mg. of glass that resisted crystallization. 
Fraction 2 was dissolved in benzene-isopropyl ether (1:1); after the so-
lution had been refrigerated for 5 months, crystalline material was ob-
tained. This crystalline material (ca. 1.4 g.) was recrystallized five 
times from benzene for analysis and furnished 747 mg. of material that 










Found : C, 60.32; H, 6.03 
The n.m.r. spectrum (20% deuteriochloroform) of the material showed 
absorptions at 2.07-2.75 (6H, complex), 4.78 (1H, doublet, J = 5.4; each 
component split into a doublet, J = 3.0), 5.79 (1H, doublet, J = -11.1; 
each component split into a doublet, J = 5.4), 6.09 (1H, doublet, J = 
-11.1; each component split into a doublet, J = 3.0), 6.10 (1H, quartet, 
J = 6.4), 8.71 (3H, singlet), and 8.82 T '(3H, doublet, J = 6 .4). 
The infrared spectrum (KBr pellet): showed `max  2.87, 3.35, 5.84, 
6.16, 7.37, 7.97, 8.21, 9,15, and 12.49 	among others. 
TLC analysis of the unchromatographed material using silica gel 
HF254 as the adsorbant and benzene-methanol-acetic acid (50:4:2) as the 
solvent system showed spots at RF 0.21 (weak., phthalic anhydride), 4.0 
(strong), 0.49 (strong), and 0,69 (medium). Two developments were used, 
and visualization was accomplished using long wavelength (366 mil) U.V. 
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light. 
A portion (771 mg.) of the unchromatographed reaction product from 
a preparation similar to the one described above was dissolved in 20 ml. 
of chloroform-acetic acid (95:5) and was boiled under reflux for four days. 
At the end of this time the solvent was evaporated, and 672 mg. of a brown 
glass was obtained. TLC analysis of this material under the same condi-
tions as above showed spots at RF 0.21 (weak, phthalic anhydride), 0.40 
(moderate), and 0,49 (strong). 
Attempted Preparation of 2-1-Menthoxyacetyl Derivatives of d1-4-  
Epidihydrodideoxystreptose. To a solution of 1.118 g. (8.45 mmole) of d1- 
4-epidihydrodideoxystreptose in 30 ml. of dry benzene, 700 mg. (9.0 mmole) 
of dry pyridine was added, The mixture was cooled in an ice bath and, 
while stirring, a solution of 0.973 g (8.46 mmole) oof freshly distilled 
1-menthoxyacetyl chloride in 20 ml. of dry benzene was added dropwise. 
When the addition was complete, the mixture was allowed to stand overnight 
and was then washed with three 50-ml. portions of 2% hydrochloric acid 
and with two 50-ml. portions of water. The benzene solution was dried, 
and the solvent was evaporated. This yielded 2.486 g. (90.2%) of the 
sirupy 2-1-menthoxyacetyl derivatives of d1-4-epidihydrodideoxystreptose. 
This material resisted crystallization from a variety of solvents. 
The infrared spectrum (film) showed 'max  2.80, 3.35, 5.66, and 
6.90 Il l among others. 
Chromatography of the material over silicic acid using chloroform 
furnished no fractions that could be obtained crystalline after numerous 
attempts at crystallization from a variety of solvents. 
100 
Attempted Preparation of the d-Bornyloxyacetyl Derivatives of 
dl-4-Epidihydrodideoxystreptose. d1-4-Epidihydrodideoxystreptose (519 
mg., 3.93 mmole) was dissolved in 25 ml. of dry benzene that contained 
330 mg. (4.23 mmole) of dry pyridine. A solution of 906 mg. (4.22 mmole) 
of d-bornyloxyacetyl chloride in 10 ml, of dry benzene was then added drop- 
wise while stirring and cooling. When the addition was complete, the mix-
ture was allowed to stand overnight. A 50-m1. portion of benzene was then 
added, and the resulting mixture was washed with three 25-ml. portions of 
water. The benzene solution was dried, and the solvent was evaporated. 
This yielded 1.161 g. (90.7%) of the sirupy 2-d-bornyloxyacetyl derivatives 
of d1-4-epidihydrodideoxystreptose. This material resisted crystalliza-
tion from a variety of solvents. 
The infrared spectrum (film) of the preparation showed % max 2.80, 
3.32, 5068, 6.88, 8.32, 8.84, 9.80, and 11.41 	among others. 
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CHAPTER III 
DISCUSSION OF RESULTS 
The purpose of this research was to accomplish a definitive synthe-
sis of 3-C-methyl-1,5-dideoxy-L-lyxofuranose (XIII) the structural for-
mula assigned to L-dihydrodideoxystreptose, and to show that the synthetic 
material was identical with a sample of this substance derived from strep-
tomycin. This synthesis would complete the unequivocal synthetic struc-
tural proof of the three component parts of the streptomycin molecule, and 
would thereby make a planned synthesis of streptomycin possible. 
The final step in the proposed synthetic route to L-dihydrodideoxy-
streptose (XIII) was the cis-hydroxylation of 2,3-dimethyl-2,5-dihydrofu-
ran (XVIII). This reaction was expected to produce a mixture of dl-dihy-
drodideoxystreptose (XIX) and d1-4-epidihydrodideoxystreptose (XX). It 
was expected that one of the products would predominate, and that this 
would depend on the method of hydroxylation used. 
P 
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The proposed synthetic pathway to 2„3-dimethy1-2„5-dihydrofuran 
started from 2,3-dimethylfuran (XXI). Two syntheses of 2,3-dimethyl-
furan have been previously recorded in the literature, and both are multi-
step sequences that give poor overall yields. Reichstien and Grussner 
(59) prepared 2,3-dimethylfuran in a seven-step synthesis that resulted 
in a 1.5% overall yield. A more recent synthesis (46) of the compound by 
a seven-step sequence that started from 2-furoic acid has been accomplished 
and gave an overall yield of 17.7%. Because of the obvious importance of 
obtaining maximum yields of intermediates in a multistep synthesis, a syn-
thesis of 2,3-dimethylfuran superior to either of those reported in the 
literature was desired. 
The condensation of chloroacetaldehyde and ethyl acetoacetate in 
the presence of pyridine is known (45) to furnish ethyl 2-methylfuran-3- 
carboxylate (XXII) in good yield. It was hoped that some method of reduc-
tion could be found that would convert ethyl 2-methylfuran-3-carboxylate 
into 2,3-dimethylfuran in good yield, and that the 2,3-dimethylfuran 
could then be converted by the sequence of reactions shown below to 2,3- 
dimethy1-2,5-dihydrofuran. 
Ethyl 2-methylfuran-3-carboxylate (XXII) was prepared by a modifi-
cation of the method of WInbQz.g et al. (45), who obtained the compound 
contaminated with ethyl acetoacetate in a yield of 63%. It was found 
when the modified work-up procedure previously described (60) was used, 
a 67.5% yield of pure material could be obtained. 
The absorptions in the n.m.r. spectrum of ethyl 2-methylfuran-3- 
carboxylate were assigned as shown below. 
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'c 	J cs 
A 	2.62 AB = 2.1 
B 3.28 AD = 0.4 
C 	5.68 BD = 0.4 
D 7.43 CE = 7.0 
E 8.69 
The reaction of a 1 P-dichloroethyl ether with ethyl acetoacetate in 
10% sodium hydroxide is also known (61) to produce ethyl 2-methylfuran-3- 
carboxylate. This synthesis was performed and gave only a 41.5% yield of 
the desired product; the method was not utilized further. 
Since ethyl benzoate can be catalytically reducedAoAoluene::and 
ethanol in almost quantitative yield (62), the first method considered 
for the conversion of ethyl 2-methylfuran-3-carboxylate to 2,3-dimethyl-
furan was the direct catalytic hydrogenolysis of the carbethoxy group to 
a methyl group. As a model for this reaction ethyl 2-furoate was chosen. 
Attempted hydrogenolysis of ethyl 2-furoate using either 10% palladium 
on -carbon or 5% palladium on barium sulfate at atmospheric pressure and 
room temperature resulted in the absorption of two molar equivalents of 
hydrogen and the formation of the corresponding tetrahydrofuran deriva- 
tive. The strong carbonyl absorption at 5.73 11 in the infrared spectrum 
of the product of both reductions was taken as evidence for the reduction 
of the furan nucleus; the starting ethyl 2-furoate showed X max for the 
carbonyl group at 5.89 11. 
Because catalytic reductive transfOrmation of the carbethoxy group 
to a methyl group did not proceed under accessible reaction conditions, 
XXIII 
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this method of reduction was abandoned. 
The possibility of the reduction of ethyl 2-methylfuran-3-carboxy-
late to 2,3-dimethylfuran through 2-methyl-3-hydroxymethylfuran (XXIII) 
was next considered, because several general methods are available for 
the conversion of alcohols to the corresponding hydrocarbons. 
Reduction of ethyl 2-methylfuran-3-carboxylate with lithium alumi-
nium hydride to 2-methyl-3-hydroxymethylfuran was performed by a modifi-
cation of the published (45) procedure. It was found that when the molar 
ratio of lithium aluminium hydride to the ester was increased from 0.650 
to 0.762, and when the reaction time was increased from 2.5 hr. to 12 hr., 
the reported yield of 83% could be increased to 93%. 
All absorptions in the n.m.r. spectrum of 2-methy1-3-hydroxylmethyl-
furan were assigned and are shown below. 
cps 





Since reduction of primary 2-toluenesulfonate esters with lithium 
aluminium hydride is known (63) to result in the replacement of the p7 
tosyloxy group by hydrogen, it was hoped that the 2-toluenesu1fonate es-
ter could be prepared and subjected to reduction with lithium aluminium 
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hydride, which would yield 2 1 3-dimethylfuran. 
Since furfuryl alcohol is commercially available, it seemed advisa-
ble to use this compound as a model to determine optimum reaction condi- 






tions for the preparation of the E-toluenesulfonate ester and the reduction.  
The model 2-toluenesulfonate of furfuryl alcohol could not be prepared, so 
the preparation of the D.-toluenesulfonate of 2-methyl-3-hydroxymethylfuran 
was not attempted. It has been previously reported (64) that the n-toluene-
sulfonate ester of furfuryl alcohol is unstable and cannot be isolated. 
This conclusion was verified using the mildest possible reaction condi-
tions. After removal of solvent from the crude product, the material be-
gan to decompose almost immediately; a dark, green color developed, and 
within several hours the material had changed to a viscous black tar. 
Since alcohols of the benzyl type are known (65) to undergo hydro-
genolysis and to yield the corresponding hydrocarbon, the hydrogenolysis 
of 2-furfuryl alcohol, which would give 2-methylfuran, was attempted as 
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a model reaction for the hydrogenolysis of 2-methyl-3-hydroxymethylfuran. 
Reduction of 2-furfuryl alcohol, using five per cent palladium on carbon 
at room temperature and atmospheric pressure resulted in the absorption 
of two molar equivalents of hydrogen and the formation of 2-tetrahydro- 
   




furfuryl alcohol. The infrared'spectrum of the product was identical 
with that of an authentic sample. This method of conversion of 2-methyl-
3-hydroxymethylfuran into 2,3-dimethylfuran was then abandoned. 
Reduction of ethyl 5-chloromethylfuran-2-carboxylate to ethyl 5- 
methylfuran-2-carboxylate using zinc and acetic acid has been reported 
(66) to proceed in 80% yield. In view of this fact, reduction of 2-methyl-
3-chloromethylfuran with zinc and acetic acid was attempted. Employing 
the published procedure, 2-methyl-3-hydroxymethylfuran was converted in-
to 2-methyl-3-chloromethylfuran (XXIV)- 1 using thionyl chloride and pyridine 
in ether solution. As reported (45), the compound was observed to be un-
stable; it was necessary to prepare the compound and use it immediately 
in the synthesis of 21 3-dimethylfuran. 
Attempted reduction of 2-methyl-3-chloromethylfuran using zinc and 
acetic acid failed to produce 2,3-dimethylfuran. Immediately after the 
addition of the 2-methyl-3-chloromethylfuran to the acetic acid, the solu-
tion turned black and in several minutes lumps of carbonaceous material 
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were observed in the reaction mixture. Presumably the failure of the 2- 
methy1-3-chloromethylfuran to be stable in the reaction mixture prior to 
reduction is because of the lack of an electron withdrawing group, as is 
present in ethyl 5-chloromethylfuran-2-carboxylate. 
A widely known method for conversion of organic halides to the 
parent hydrocarbon is the conversion of the halide to the corresponding 
Grignard reagent and subsequent hydrolysis. This method of reduction of 
2-methyl-3-chloromethylfuran to 2,3-dimethylfuran was next attempted. 
The reaction was difficult to get started, presumably because of the 
difficulty of obtaining the unstable 2-methyl-3-chloromethylfuran in a 
high state of purity. Once started, however, most of the calculated quan-
tity of magnesium reacted, but treatment of the resulting ether solution 
with water furnished, after work-up, only a small quantity of volatile 
material that contained no 2,3-dimethylfuran. The high reactivity of ben-
zylic Grignard reagents and their tendency to couple with the starting 
halide is well known (89). Presumably, the failure of this reaction se-
quence to produce 2,3-dimethylfuran is because of the high reactivity of 
both the Grignard reagent and the starting 2-methy1-3-chloromethylfuran. 
Reduction of allylic and benzylic (67) halides to the correspond-
ing hydrocarbons using lithium aluminium hydride has been shown to give 
good to excellent yields. This method of reduction of 2-methy1-3-chloro-
methylfuran to 2,3-dimethylfuran was utilized, and was found to produce 
the desired product in 57% yield, based on the starting 2-methy1-3-hydroxy-
methylfuran. Because of the large amount of 2,3-dimethylfuran required 
as a starting material for the synthesis of dl-dihydrodideoxystreptose, 
the conversion of 2-methyl-3-hydroxymethylfuran to 2,3-dimethylfuran was 
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carried out a number of times. It was found that a maximum yield of 2,3- 
dimethylfuran was obtained if the intermediate 2-methy1-3-chloromethyl-
furan was not isolated but was handled in ether solution and the crude 
compound reduced directly. 
It was also found that the yield of 2,3-dimethylfuran was lowered 
if the molar ratio of lithium aluminium hydride to 2-methy1-3-hydroxy-
methylfuran was less than 0.87:1. Increasing the molar ratio did not im-
prove the yield. In order to obtain a good yield of 2,3-dimethylfuran 
from 2-methyl-3-hydroxymethylfuran, it was essential that the reaction 
mixture containing 2-methyl-3-chloromethy1furan be worked up without de-
lay and the reduction performed as soon as drying of the ether solution 
was complete. The overall yield of 2,3-dimethylfuran based on chloroace-
taldehyde for four steps, one of which does not require purification of 
the intermediate, was 36%. 
The observed physical constants for 2,3-dimethylfuran were in agree-
ment with those reported in the literature (46,59) and the n.m.r. spectrum 
of the compound, which is described below, was quite definitive. Both 
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methyl groups of the compound were closely spaced multiplets consisting 







of at least nine major lines each. The protons attached to the furan nu-
cleus appeared as doublets, each member of which was split into at least 
five lines. Every proton in the molecule is therefore coupled to every 
other proton in the molecule. 
The next step in the proposed synthesis was the oxidation of 2,3- 
dimethylfuran to a mixture of the cis- (XXV) and trans- (XXVI)-2,5-di-
methoxy-2,3-dimethylfurans using bromine in methanol. 
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Since 2-methylfuran (XXVII) was readily available, it seemed de-
sirable to carry the proposed reaction sequence through using this com-
pound, and compounds derived from it as models for the corresponding com-
pounds of the 2,3-dimethylfuran series. This reaction sequence is shown 
below. 
Br2' CH3OH 	 iH, 
CH3 CH3
-002
K 	 CH3 
 0 
CH3 	0 
XXVIII, XXIX XXVII 
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The oxidation of 2-methylfuran was performed using a modification 
of the procedure described in the literature (35). By keeping the tem-
perature of the reaction mixture below -30 ° , instead of at -7 ° as de-
scribed, it was found that the methanolic solution of bromine could be 
added in about one-half the time required in the published procedure and 
that the yield was increased from 65% to 70%. 
The observed physical constants for the preparation were in agree-
ment with those reported in the literature and the n.m.r. and infrared 
spectra were consistent for a mixture of the cis and trans isomers. The 
n.m.r. spectrum of the preparation, which is described below, indicated 
that the ratio of the cis-isomer (XXVIII) to the trans-isomer (UIX) was 
approximately 2:1. 












The absorptions of HA, HB, and HC in both the cis- and trans-isomers 
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appeared as multiplets that were too complicated to be analyzed. 
The assignment of the major component in the product as the cis 
isomer and the minor component as the trans isomer was made by considera-
tion of the n.m.r. spectrum of the preparation. The absorptions resulting 
from the two 0-methyl groups of the major component of the preparation 
occur at lower field than the absorptions resulting from the two 0,-methyl 
groups of the minor component and the former are therefore deshielded to 
a greater extent. This would be expected if the two 0-methyl groups were 
on the same side of the ring since mutual deshielding resulting from the 
anisotropic effect of the carbon-oxygen bond would occur. This type of 
deshielding could not occur if the 0-methyl groups were trans . The minor 
component of the preparation must therefore have the trans arrangement of 
the 0-methyl groups. The fact that the absorption resulting from the C-
methyl group of the minor component occurs at lower field than the C-methyl 
group of the major component, and the former is therefore less shielded, 
supports this conclusion. In the component with the cis arrangement of 
the methoxyl groups, no deshielding of the C-methyl group by interaction 
with the 0-methyl group at C
5 
can occur since the two groups are on oppo-
site sides of the ring. The C-methyl group of the cis component and there-
fore absorbs at higher field than the C-methyl group of the trans compound. 
In the trans compound, however, the C-methyl group is on the same side of 
the ring as the 0-methyl group at C 5, and deshielding can occur. The C-
methyl group of the cis compound would be expected to absorb at higher 
field and is therefore consistent with its formulation as the major com-
ponent. The higher absorption of H0 in the major component resulting from 
the oxidation of 2-methylfuran than in the minor component further supports 
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the previous assignments. In the minor component it is deshielded by the 
0-methyl group at C2 since it is on the same side of the ring, In the 
major component H C is on the same side of the ring as the C-methyl group 
and would be expected to absorb at higher field, as observed. 
The above discussion is based in part on the observation (98) that 
an axial hydrogen is deshielded by 0,39-0.50 ppm by an axial (1,3) hy-
droxyl group in rigid 6-membered ring systems of steroids. 
Although no previous effort has been made to assign the relative 
orientation of the methoxy groups in the higher and lower boiling 2,5- 
dimethoxy-2-methy1-2,5-dihydrofurans, the geometrical configurations of 
the higher and lower boiling 21 5-dimethoxy-2,5-dihydrofurans have been 
determined (68). The higher and lower boiling isomers were separated 
by distillation using a spinning band column. The higher boiling isomer 
formed four adducts with cyclopentadiene and was therefore the cis isomer. 
The lower boiling isomer formed only two adducts with cyclopentadiene and 
was therefore the trans isomer. It has been shown by consideration of 
the n.m.r. spectrum of the preparation that the cis isomer is the pre- 
dominant product (55:45) when furan is oxidized with bromine and methanol 
at -7° (99). 
Partial separation of the cis (XXVIII) and trans (XXIX) isomers 
of 2,5-dimethoxy-2-methyl-2,5-dihydrofuran was accomplished by Careful 
distillation at reduced pressure using a lab-size spinning band column. 
The distillate was enriched in the higher boiling cis compound to an ex-
tent of 85%, as shown by integration of the n.m.r. spectrum. This mix-
ture of isomers has been reported (35) to be distillable at atmospheric 
pressure without decomposition. 
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The preparation of cis- and trans-2,5-dimethoxy-2,5-dihydro-2-meth-
ylfurans was also carried out using a modified procedure (69) that was 
experimentally more difficult. This procedure required neutralization 
of the hydrogen bromide produced with ammonia at -80 ° . The yield was'low-
er (32%) and the product, after standing two weeks, was found to be con-
taminated with 2-methyl-5-methoxyfuran (XXX). The 2-methy1-5-methoxy-
furan was obtained pure by distillation, using a spinning band column and 
the physical constants observed for the compound were in agreement with 
the recorded (70) values. The absorptions in the n.m.r. spectrum are 







A 	4.25 	AB = 3.3 
B 	5.05 	AD = 1.2 
C 	6.25 	BD = 0.3 
D 	7.92 
XXX 
from the elimination of methanol catalyzed by traces of hydrogen bromide 
in the product (70). 
The preparation of cis- and trans-2 1 5-dimethoxy-2,3-dimethy1-2,5- 
dihydrofuran was performed using the same reaction conditions that had 
been successfully applied to 2-methylfuran. The yield was better and 
amounted to 84%. 
The elemental analysis, infrared spectrum, and n.m.r. spectrum of 
the preparation were consistent for a cis-trans mixture of 2,5-dimethoxy-
2,3-dimethyl-2,5-dihydrofuran. The relative ratio of the cis isomer to 
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the trans isomer in the purified material of b.p. 61-63 °/15 mm. was 2:1,as 
detertined by integration of the n.m.r. spectrum; the assignments are 
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the cis (XXV) and trans (XXVI) compounds and were too complicated to be 
analyzed. The olefinic methyl group appeared as a multiplet that was 
also too complicated to be analyzed. 
The assignment of the major component as the cis isomer and the 
minor component as the trans isomer in the purified preparation was made 
using arguments previously described for the assignment of the major and 
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minor components in the mixture of cis- and trans-2,5-dimethoxy-2 1 5-dihy-
dro-2-methylfuran. 
As a model reaction for the next step in the synthesis of dl-dihy- 
drodideoxystreptose, the acid catalyzed hydrolysis of cis- and trans-2,5- 
dimethoxy -2,5 -dihydro -2 -methylfuran to 4 -oxo -cis -2 -pentenal (XXKT) was .At- 
tempted as described in the literature (35). Several attempts were made 
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XXVIII and XXIX 	 XXXI.  
to isolate 4-oxo-cis-2-pentenal from brief treatment of the mixture of 
cis- and trans-2,5-dimethoxy-2„5-dihydro-2-methylfuran with warm 0.01 N 
sulfuric acid. The material obtained had the same boiling point as that 
quoted in the literature. There remained after distillation a large quan-
tity of resinous material. The n.m.r. spectrum of the distilled material 
had little absorption that would result from the aldehyde proton or vinyl 
protons; hence the product contained no appreciable quantity of 4-oxo-
cis-2-pentenal. Efforts to prepare a bis-2 1 4-dinitrophenylhydrazone of 
this material were unsuccessful; however, this derivative of 4-oxo-cis-
2-pentenal is described (35) and is said to have been prepared from the 
hydrolysate of cis- and trans-2,5-dimethoxy-2,5-dihydro-2-methylfurans 
with warm 0.01 N sulfuric acid. 
The failure to isolate 4-oxo-cis-2-pentenal under these conditions 
P 
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probably resulted from heat or acid catalyzed rearrangements during the 
hydrolysis or distillation. 
Although it was clear that the acid catalyzed hydrolysis of cis-
and trans-2 1 5-dimethoxy-2,5-dihydro-2-methylfuran did not produce 4-oxo-
cis-2-pentenal l the nature of the preparation obtained was investigated. 
The infrared spectrum of the preparation showed the presence of at least 
three different carbonyl absorptions at 5,73, 5.79, and 5.89 po The in-
frared spectrum of 4-oxo-cis-2-pentenal obtained (90) by a different 
method of hydrolysis showed only %max 5.91 Vfor the carbonyl- absorptions. 
The unknown carbonyl compound was reduced with potassium borohy-
dride. This product had a boiling point that was in agreement with that 
reported in the literature (36) for cis-2-pentene-1,4-diol. The infrared 
spectrum showed absorption resulting from hydroxyl groups but none due 
to carbonyl groups. The n.m.r. spectrum was complicated and could not 
be analyzed completely. That the preparation was a mixture was indicated 
by the appearance of two doublets at 8.82 and 8.85T. 
In an attempt to cyclize any 1,4-diol present in the above prepa-
ration, the material was heated with Dowex 50W-X8 ion-exchange resin. 
The liquid product that was obtained in fair yield had a boiling range 
of 130-136° . That the preparation obtained was a mixture was indicated 
by the appearance of two doublets at 8.80 and 8.85 T in the n.m.r. spec-
trum. The infrared spectrum showed the absence of a hydroxyl group and 
the presence of only a very weak absorption resulting from a carbonyl 
group. A small amount of 2„4-dinitrophenylhydrazone could be obtained 
from the preparation. Analytical results that were obtained for the liq-
uid substance were in reasonably good agreement for the formula C611,202. 
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The mixture could not be resolved by preparative GLC. In an attempt to 
resolve the mixture into its components the substance was distilled, using 
a lab-size spinning band column and a reflux ratio of approximately 100:1. 
Eleven fractions of approximately equal quantity were taken. The n.m.r. 
spectra of fractions two and ten were virtually superimposable; the major 
difference was in the appearance of the methyl group doublets; the differ-
ence amounted only to a ten per cent change in composition. Fraction three 
gave an immediate precipitate with 2,4-dinitrophenylhydrazine reagent, 
fraction six gave only a small amount of precipitate, and fraction eleven 
did not give a precipitate when allowed to stand at room temperature for 
two days. From the weight of 2,4-dinitrophenylhydrazone obtained, frac-
tion three contained only about five per cent of carbonyl compounds. 
Using the data available, a definitive structure for this compound 
cannot be derived. The absorptions present in the n.m.r. spectrum, how-
ever, do lead to some suggestions and exclusions. The two doublets at 
8.80 and 8.85 T (3 protons) obviously result from methyl groups in the 
0 
situation (CH---C--H). The strong singlets at 6.75 and 6.80 T (three pro- 3 	C 
tons) obviously result from the protons of methoxyl groups. The complica-
ted absorptions from 5.8-6.6 'r are caused by four protons; these must be 
attached to carbon that is also attached to oxygen. The absorptions cen-
tered at 7.9 and 8.5 T, each corresponding to one proton, are protons 
bonded to carbon that is only bonded to carbon or hydrogen. 
The data available suggest that the substance obtained is a mix-
ture of cis- and trans-methylmethoxytetrahydrofurans. That the methoxyl 
group might be situated in an a position is excluded by (1) the stability 
of the preparation to acid and (2) the absence of a proton at less than 
119 
r 
5.8 T in the n.m.r. spectrum. The only tetrahydrofuran derivatives remain-
ing as possibilities are 2-methyl-3-methoxytetrahydrofuran and 2-methyl-4- 
methoxytetrahydrofuran. A decision as to the structural formula of the 
compounds obtained, or a rational mechanism for their formation, cannot 
at this time be made, 
Since acid catalyzed cyclization of meso-erythritol has been shown 
(33) to furnish meso-3,4-dihydroxytetrahydrofuran (XXXII) in 94% yield, 
a modification of the original route to d1-3-nordihydrodideoxystreptose 
(XXVIII) and d1-3-nor-4-epidihydrodideoxystreptose (XXXIV) was attempted. 
The modified portion of the route is summarized below. 
cis-Hydroxylation of the mixture of cis- and trans-2,5-dimethoxy-
2,5-dihydro-2-methylfuran (XXVIII XXXIX) would be expected to furnish a 
mixture of diastereoisomeric 3,4-dihydroxy-2 1 5-dimethoxy-2-methyltetra-
hydrofurans (XXXV). This mixture of cyclic acetals would then be sub-
jected to mild acid hydrolysis to give the 2,3-dihydroxy-4-oxopentanal 
XXXVI. Reduction of XXXVI, using sodium borohydride would then be ex-
pected to furnish a mixture of d1-5-deoxyribitol (XXVIII) and d1-5-deoxy-
lyxitol (XXXVIII). 
It was anticipated that cyclization of the mixture of d1-5-deoxy-
ribitol (XXXVII) and d1-5-deoxylyxitol (XXXVIII) in a manner analogous 
to that used for the cyclization of meso-erythritol„ would furnish a mix-
ture of d1-3-nordihydrodideoxystreptose (XXXIII) and dl-3-nor-4-epidihy-
drodideoxystreptose (XXXIV). 
cis-Hydroxylation of cis- and trans-2,5-dimethoxy-2,5-dihydro-2- 
methylfurans (XXVIII, XXVIX) was first attempted using the silver acetate-
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isolated from this reaction mixture. The failure of the reaction pre-
sumably results from rearrangements and/or side reactions catalyzed by 
the acetic acid or the heat used in the reaction. 
Hydroxylation of olefins using osmium tetroxide and a solution of 
hydrogen peroxide in t-butyl alcohol is well known (72) to result in the 
cis orientation of the hydroxyl groups. This method of hydroxylation of 
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cis- and trans-2,5-dimethoxy-2,5-dihydro-2-methylfuran (XXVIII, XXVIX) 
using the method of Milas and Sussman (72) was next attempted. Isolation 
of the intermediate mixture of 3,4-dihydroxy-2,5-dimethoxy-2-methyltetra-
hydrofurans (XXXV) or the 2„3-dihydroxy-4-oxopentanalL (XXXVI),, that result-
ed from the treatment of XXXV with 0.01 N sulfuric acid was not attempted. 
The sirup that resulted from the sodium borohydride reduction of 
the intermediate 2„3-dihydroxy-4-oxopentanal (XXXV1I) resi'sted qrystailiza-
tion. Since the n.m.r. spectrum of this preparation was much more com- 
plicated than would be expected for a mixture of d1-5-deoxyribitol 
(XXXVII) and dl-5-deoxylyxitol (XXXVIII), it was concluded that the prep-
aration was impure. 
Treatment of the sirup with benzoyl chloride in pyridine furnished, 
after chromatography over silicic acid, a 3.2% yield of crystalline mate-
rial that was presumably either the tetrabenzoate of d1-5-deoxyribitol 
(XXXVII) or d1-5-deoxylyxitol (XXXVIII). Analytical data obtained for 
this derivative was in fair agreement for either of these diasterisomeric 
tetrabenzoates. 
Acid catalyzed cyclization of the sirup that resulted from the so-
dium borohydride reduction of the intermediate 2,3-dihydroxy-4-oxopentanal 
(XXXV,I), using the literature procedure (33) for the cyclization of meso-
erythritol furnished a 44% yield [assuming the product is a mixture of 
d1-3-nordihydrodideoxystreptose (XXXIII) and d1-3-nor-4-epidihydrodideoxy-
streptose (XXXIV)] of redistilled material that showed b.p. 80-83.0/0,,8 mm. 
The n.m.r. spectrum of this material was not consistent for a mixture of 
di-3-nordihydrodideoxystreptose (XXXIII) and d1-3-nor-4-epidihydrodideoxy-
streptose (XXXIV) because of the strong absorption at 3.90-4.38 T that 
H 
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suggested the presence of olefinic protons. This method of preparation 
of dl-3-nordihydrodideoxystreptose (XXXIII) and dl-3-nor-4-epidihydro-
dideoxystreptose (XXXIV) was then abandoned. 
Renewed attempts were then made to find conditions for the hydrol-
ysis of cis- and trans-2,5-dimethoxy-2,5-dihydro-2-methylfuran that would 
produce 4-oxo-cis-2-pentenal (XXXI). Hydrolysis of cis- and trans-2,5- 
dimethoxy-2,5-dihydro-2-methylfuran (XXVIII, XXIX) to 4-oxo-cis-2-pente-
nal (XXXI) was achieved by dissolving the dihydrofuran in five times its 
weight of distilled water and allowing the solution to stand for about 
sixteen hours at room temperature. Continuous extraction of the result-
6.nt solution with ether, evaporation of the ether, and distillation at 
reduced pressure furnished, in addition to about a 10% yield of recovered 
starting material, a 46.6% yield of 4-oxo-cis-2-pentenal (XXXI). The 
compound was unstable as shown by the large quantity of resinous materi-
al left after distillation and the fact that resinification of the dis-
tilled material took place after standing about a week at room tempera-
ture. 
The boiling point observed for this compound was in agreement with 
that recorded (34) in the literature. The infrared and n.m.r. spectra of 
the distilled material were consistent for 4-oxo-6is-2-pentenal (XXXI)J , All 
the absorptions in the n.m.r. spectrum were assigned and are shown below. 
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The magnitude of the coupling constant (J Bc ) is consistent with 
the assigned cis configuration of the olefinic bond since coupling con-
stants for cis-olefinic protons are known (73) to be 7-12 cps and coup 
ling constants for trans-olefinic protons are known to be 13-18 cps. 
Gilby and Waterhouse (74) have isolated 4-oxo-trans-2-hexenal 
(XXXIX) from the scent glands of the green vegetable bug, Nezara veridula 
( L.), using preparative GLC, and they have determined the n.m.r. spec-
trum of this compound. The multiplicities of the aldehydic and olefinic 
protons could not be explained by first order analysis because of virtual 
(75) coupling of the aldehydic proton with the olefinic protons. The al-
dehydic proton appeared as a four-line multiplet. The line positions 
and intensities observed in the experimental spectrum for the aldehydic 
and olefinic protons were, however, matched by a computed spectrum using 
the parameters shown below. The magnitude of the coupling constant 
(JAB ) between the olefinic protons unequivocably proves the trans ar- 
rangement of the double bond in this compound. 
Hh, 
-1\c 
CH---3  CH2 C7 
	
t 	/I\ 	0 
H H D 0 
XXXIX 
A 3.11 AB = 16.62 
3.22 AX = 7.14 
X 0.15 BX = 0.04 
C 7.26 CD = 7.30 
D 8.83 
The assignment of the cis configuration of the double bond in the 
4-oxo-2-pentenal obtained in the previously described hydrolysis is further 
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supported by the magnitude of the coupling constant (J AB ) of the olefinic 
protons in 4-oxo-trans-2-hexenal and by the fact that no virtual coupling 
was observed in 4-oxo-cis-2-pentenal (XXXI), since the entire spectrum 
could be easily explained by first-order analysis. 
The mixture of cis- and trans-2,5-dimethoxy-2,5-dihydro-2-methyl-
furan (XXVIII, XXIX) was converted into a mixture of cis-2-pentene-1,4- 
diol (XL) and 1,4-pentanediol (XLI) by hydrolysis to 4-oxo-cis-2-pentenal 
(XXXI) and reduction of the XXXI with sodium borohydride. It was found 
that a better overall yield of the mixture of diols from cis- and trans-
2,5-dimethoxy-2,5-dihydro-2-methylfuran (XXVIII, XXIX) was obtained if 
the intermediate 4-oxo-cis-2-pentenal (XXXI) was not isolated but was 
directly reduced in the aqueous hydrolysate. The yield was also improved 
by heating the aqueous hydrolysate on a steam bath for two hours after 
hydrolysis at room temperature and before reduction. The small increase 
in yield observed probably resulted from hydrolysis of starting material 
that remained unchanged during the hydrolysis at room temperature. 
When the reduction of the aqueous hydrolysate was carried out at 
0° a 59% overall yield of cis-2-pentene-1,4-diol (XL) and a 10.5% overall 
yield of 1„4-pentanediol (XLI) was obtained for the two steps. When the 
reduction was carried out at room temperature the overall yield of cis-
2-pentene-1,4-diol was 49.7% and the overall yield of 1,4-pentanediol was 
16.3% for the two steps. The composition of the diol mixture in each 
case was determined by quantitative catalytic hydrogenation. 
The hydrolysis of cis- and trans-2,5-dimethoxy-2,3-dimethy1-2,5- 
dihydrofuran (XXV, XXVI), using distilled water, was accomplished in the 
manner previously described for cis- and trans-2,5-dimethoxy-2,5-dihydro- 
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2-methylfuran (XXVIII, XXIX). Distillation of the residue after evapora-
tion of the ether from the extract furnished 58.4% of 3-methy1-4-oxo-cis-
2-pentenal (XLII). The boiling point observed for the compound was not 
in close agreement with the value recorded (47) in the literature for 
this compound. 
The infrared and n.m.r. spectra were consistent for the compound. 
The n.m.r. spectrum of the compound was quite definitive and all the ab-
sorptions were assigned by first-order analysis. The analysis of the 
n.m.r. spectrum is given below. 
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The conversion of cis- and trans-2,5-dimethoxy-2,5-dihydro-2,3- 
dimethylfuran (XXV ,XXVI") into 3-methyl-cis-2-pentene-1,4-diol (XLIII) 
was achieved essentially as described for the preparation of cis-2- 
pentene-1,4-diol (XL) from cis- and trans-2 1 5-dimethoxy-2,5-dihydro-2- 
methylfuran (XXVIII, XXIX). It was found that the hydrolysis at room 
temperature required two days for the optimum yield. The sodium borohy-
dride reduction of the aqueous hydrolysate containing 3-methy1-4-oxo-cis-
2-pentenal (XLII) was carried out at ice-bath temperature; no evidence 
for reduction of the carbon-carbon double bond was observed, as was the 
case for XL, presumably because of deactivation of the double bond by 
the methyl group. 
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The yield of 3-methyl-cis-2-pentene-I,4-diol (XLIII) from cis-
and trans-2 5-dimethoxy-2,5-dihydro-2,3-dimethylfuran (XXVXXVI) was 
85% for the two steps. Analytical data obtained for the compound were 
consistent with the expected structure. 
An examination of the literature revealed no other general syn-
thetic method for the preparation of cis-2-butene-1,4-diols that have 
substituents on the double bond. The method described for the prepara- 
tion of 3-methyl-cis-2-pentene-1,4-diol (XLIII) gave only the cis isomer, 
and a high (71.5%) overall yield was obtained from 2,3-dimethylfuran 
(XXI). This method of preparation should be particularly useful for the 
preparation of substituted cis-2-butene-1,4-diols. The only limitation 
is the availability of the appropriately substituted furan. 
All the absorptions in the n.m.r. spectrum of 3-methyl-cis-2- 
pentene-1,4-diol (XLIII) were assigned and are shown below. 
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The next step in the planned synthesis of dl-dihydrodideoxystrep-- 
tose (XIX)- was the conversion of XLIII to 2,5-dihydro-2,3-dimethylfuran 
Since acid catalyzed dehydration of cis-2-butene-1,4-diol (XLIV) 
is known (31) . to produce 2,5-dihydrofuran (XLVI) as the major product, 
the cyclization of cis-2-pentene-147-diol (XL) to 2,5-dihydro-2-methyl- 
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furan (XLV) was planned as a model reaction for the cyclization of 3- 
methyl-cis-2-pentene-1,4-diol (XLIII) to 2,5-dihydro-2„3-dimethylfuran 
(XVIII). 
The cyclization of cis-2-butene-1,4-diol (XLIV) was first carried 
out as a model reaction, using Dowex 50W-X8 ion-exchange resin in the 
hydrogen phase as the acid cat:alyst. The reaction was found to give a 
59% yield of 2,5-dihydrofuran (XLVI) and a 7.6% yield of trans-crotonaide- 
The separation of XLVI from XLVII was accomplished by 
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dehyde presumably resulted from an acid catalyzed allylic rearrangement. 
A possible reaction mechanism for this conversion is shown below. 
When a mixture containing 83.5% of 2-pentene-l„4-diol (XL) and 
16.5% of 1,4-pentanediol (XLI) was treated with Dowex 50W-X8 ion-exchange 
resin in a manner identical to that used in the cyclization of cis-2- 
butene-1,4-diol (XLIV) a 46% yield of 2-methyltetrahydrofuran (XLVIII) 
(based on the amount of 1,4-pentanediol in the starting material) and 
an 80.5% yield of trans-2-pentenal (XLIX) was obtained. No 2,5-dihydro-
2-methylfuran was detected. The mechanism for the transformation of 
cis-2-pentene-1,4-diol into trans-2-pentenal is probably analogous to 
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The failure to observe XLV as a reaction product probably results 
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from the high tendency of cis-2-pentene-1,4-diol (XL) to undergo allylic 
rearrangement because the hydroxyl group at C 4 is both allylic and sec-
ondary, whereas both hydroxyl groups in cis-2-butene-1,4-diol are pri-
mary. 
The 2-methyltetrahydrofuran (XLVIII) showed a boiling point in 
agreement with the recorded (38) value and had an n.m.r. spectrum iden-
tical with that of an authentic sample. 
The trans-2-pentenal (XLIX) showed a boiling point in reasonable 
agreement with that recorded in the literature (39) and yielded a 2,4- 
dinitrophenylhydrazone that showed a melting point in agreement with the 
literature value (39). 
The n.m.r. spectrum of trans-2-pentenal (XLIX) was very definitive 
and was completely analyzable 
shown below. 
0 
H. 	II cx / IC -HA _.. 	
H 







NH , T 	,L,4 
HE 
by first-order analysis. 
H 	T, 












AC = 	7.5 
BC = 16.0 
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DE = 	7.5 
XLIX 
Attempted acid catalyzed cyclization of 3-methyl-cis-2-pentene-
1,4-diol (XLIII) using Dowex 50W-X8 ion-exchange resin under conditions 
similar to those described for the cyclization of cis-2-butene-1,4-diol 
(XLIV) gave a 91.4% yield of 3-methyl-trans-2-pentenal (LI). No 
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22 3-dimethy1-2,5-dihydrofuran (XVIII) could be detected. This compound 
yielded a 2 1 4-dinitrophenylhydrazone that showed a melting point in 
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Since the attempted acid catalyzed cyclization of cis-2-pentene-11 4- 
diol (XL) did not yield 2,5-dihydro-2-methylfuran (XLV) because of an al-
lylic rearrangement involving the double bond s it was then decided to per-
form the cis-hydroxylation of the double bond prior to cyclization s thereby 
eliminating the possibility of allylic rearrangement. This approach seemed 
particularly promising since osmium tetroxide-aqueous hydrogen peroxide 
hydroxylation of cis-2-butene-1,4-diol (XLIV) produces meso-erythritol in 
72% yield and acid catalyzed cyclization of meso-erythritol furnishes meso-
3,4-dihydroxytetrahydrofuran (XXXII) in 94% yield (76). 
The hydroxylation of cis-2-pentene-1,4-diol (XL) was conducted un-
der conditions described for the hydroxylation of cis-2-butene-1,4-diol 
(XLIV). The XL used in the hydroxylation contained 15.1% of 1,4-pentane-
diol (XLI). A 66% yield of a sirupy mixture of d1-5-deoxyribitol (XXXVII) 
and d1-5-deoxylyxitol (XXXVIII) was obtained. The yield was based on the 
amount of XL present in the starting mixture and it was assumed that all 
the XLI present was carried through to the product unchanged. 
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Treatment of the mixture of XXXVII, XXXVIII, and XLI with ben-
zoyl chloride in pyridine furnished a 96.5% yield of a sirupy mixture 
of perbenzoyl derivatives. Crystallization of the mixture from metha-
nol furnished a 39.8% yield of a mixture of tetrabenzoyl d1-5-deoxyri-
bitol (XXXVIIa) and tetrabenzoyl•d1-5-deoxylyxitol (XXXVIIIa). In the 
n.m.r. spectrum of the mixture of XXXVIIaand_XXXVITia thp methyl groups 
appeared as two separate doublets and from their relative intensities, 
a ratio of 5:4 for one of the components to the other was indicated. 
The analytical data obtained on the preparation was consistent for the 
expected formula. 
The infrared and n.m.r. spectra of the mixture was consistent for 
the expected structures. All the absorptions in the n.m.r. spectrum 
were assigned and are shown below. 
One of the two tetrabenzoates of the mixture was obtained pure by 
chromatography of the mixture over aluminia. Satisfactory analytical 
data were obtained for the compound, and the n.m.r. spectrum, which is 
described below, showed only one doublet in the region where the mixture 
showed two doublets. It was not known which of the two tetrabenzoates 
was obtained pure. 
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Acid catalyzed cyclization of the mixture of d1-5-deoxyribitol 
(XXXVII) and dl-5-deoxylyxitol (XXXVIII) was accomplished using the acid 
catalyzed conditions described (33) for the cyclization of meso-erythri-
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BD = 6 
d1-3-nordihydrodideoxystreptose (XXXIII). and d1-3-nor-4-epidihydrodideoxy-
streptose (XXXIV). The reaction product also contained 1,4-pentanediol 
(XLI). Only approximately 64% f the XLI present in the starting materi-
al was observed in the product. Presumably the XLI that was unaccounted 
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for was cyclized under the reaction conditions to 2-methyltetrahydrofuran 
(XLVIII). Since the cyclization products were distilled from the reac-
tion mixture under high vacuum all of the volatile XLVIII would not have 
been observed. 
Treatment of the reaction product with benzoyl chloride in pyri-
dine furnished a mixture of the dibenzoates of dl-3-nordihydrodideoxy-
streptose, d1-3.,-nor-4-epidihydrodideoxystreptose, and d1-1,4-pentanediol„ 
as shown by the n.m.r. spectrum of the preparation. This mixture resist-
ed crystallization, and chromatography of the mixture over alumina failed 
to separate the components. The first fractions from the column were 
enriched in the dibenzoate of XLI and the last fractions from the column 
were enriched in the dibenzoates of XXXIII and XXXIV. 
Treatment of the mixture of XXXIII, XXXIV, and XLI with phthalic 
anhydride in pyridine yielded, after chromatography of the reaction prod-
uct over silicic acid, the 'crystalline bis-hydrogen phthaloyl derivative 
of XLI (XLIa) and the crystalline bis-hydrogen phthaloyl derivative of 
XXXIV (XXXIVa). Satisfactory analytical data were obtained for both of 
the compounds that were obtained crystalline. 
The infrared and n.m.r. spectra of XLIa were consistent with the 
expected structure. All of the absorptions in the n.m.r. spectrum of 
XLIa were assigned and are shown below. 
The infrared and n.m.r. spectra of the bis-hydrogen phthaloyl 
derivative of either XXXIII or XXXIV that were obtained crystalline 
were consistent for either of the two compounds. All the absorptions 
in the n.m.r. spectrum of the crystalline bis-hydrogen phthaloyl deriva-
tive of XXXIV were assigned and are shown below. That the crystalline 
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material obtained was not a mixture of the two bis-hydrogen phthaloyl 
derivatives was shown by the n.m.r. spectrum. Only one doublet was 
J.„ cps 








present in the region 8.00-9.00 T. In a later preparation (77) of 
XXXIIIa and XXXIVa a crystalline mixture of the two materials was ob-
tained, and the n.m.r. spectrum of this mixture clearly showed a dou-
blet for the methyl group of each of the two diasterisomeric compounds. 
The infrared spectrum of the crystalline bis-hydrogen phthaloyl deriva-
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bis-hydrogen phthaloyl derivative of d1-3-nordihydrodideoxystreptose 
(XXXIIIa) that was obtained crystalline in a later preparation (100). 
The structure of XXXIIIa was established by a complete analysis of the 
n.m.r. spectrum of XXXIIIa. In addition, the melting points of the two 
bis-hydrogen phthaloyl derivatives were different. Because these bis-
hydrogen phthaloyl derivatives were clearly different, the bis-hydrogen 
phthaloyl derivative, the n.m.r. spectrum of which is discussed direct-
ly above, was shown to be the bis-hydrogen phthaloyl derivative of d1- 
3-nor-4-epidihydrodideoxystreptose. 
The mixture of d1-3-nordihydrodideoxystreptose (XXXIII), d1-3-nor-
4-epidihydrodideoxystreptose (XXXIV), and 1,4-pentanediol (XLI) was treat-
ed with 3,5-dinitrobenzoyl chloride in pyridine. After chromatography 
of the reaction product over silicic acid, the bis-,3,5-dinitrobenzoyl 
derivative of XLI (XLIb) was obtained crystalline as well as the bis-3,5- 
dinitrobenzoyl derivative of XXXIII (XXXIIIb). 
The melting point observed for the bis-3,5-dinitrobenzoyl deriva-
tive of XLI was in agreement with the value recorded in the literature 
(58). Satisfactory analytical data were obtained for the compound, and 
the infrared and n.m.r. spectra were consistent for the expected struc-
ture. All of the absorptions in the n.m.r. spectrum of the compound 
were assigned and are shown below. 
The bis-3,5-dinitrobenzoyl of XXXIII that was obtained crystalline 
showed no depression in melting point when mixed with a sample of this 
material obtained (78) in a later preparation. Satisfactory analytical 
data were obtained for the compound and the infrared spectra of the two 
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Because of the difficulties encountered in the separation of d1- 
3-nordihydrodideoxystreptose (XXXIII) and d1-3-nor-4-epidihydrodideoxy-
streptose (XXXIV) from 1,4-pentanediol (XLI) and the tedious methods 
required for the separation of the derivatives of XXXIII and XXXIV from 
the corresponding derivatives of XLI, another method for the preparation 
of 2,5-dihydro-2-methylfuran was attempted. 
Since the acid catalyzed cyclization of the mixture of d1-5-deoxy-
ribitol (XXXVII) and dl-5-deoxylyxitol (XXXVIII) furnished a mixture of 
XXXIII and XXXIV in good yield, it was anticipated that bromination of 
cis-2-pentene-1,4-diol (XL) and cyclization of the resulting mixture 
of d1-2,3,5-trideoxy-2,3-dibromoarabitol (LII) and d1-2,3,5-trideoxy-
2,3-dibromoxylitol (LIII) should result in the formation of a mixture of 
diastereoisomeric 2-methyl-3,4-dibromotetrahydrofurans (LIV). Treatment 
of LIV with zinc dust was expected to regenerate a double bond and result 
in the formation of d1-2,5-dihydro-2-methylfuran (XLV). The 1,4-pentane-
diol (XLI), present as an impurity in the starting (XL) was expected 
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from XL or XLI was anticipated by direct distillation. 
cis-2-Butene-1,4-diol (XLIV) was chosen as a model compound for 
this reaction sequence. Addition of bromine to XLIV was carried out in 
methylene chloride solution at ice-bath temperature using equimolar amounts 
of XLIV and bromine. Cyclization of the dark sirup obtained, using ,z-tol-
uenesulfonic acid as the acid catalyst, was carried out under water as-
pirator vacuum by heating the mixture in an oil bath. The resulting d1- 
3,4-trans-dibromotetrahydrofuran (LV) was distilled from the reaction 
mixture as fast as it was formed and was produced in 69% yield. This com-
pound showed physical constants in agreement with the recorded (30) val-
ues. All of the absorptions in the n.m.r. spectrum of LV were assigned. 
as shown below. 
Debromination of LV was accomplished using zinc dust in isoamyl 




alcohol. The reaction was very exothermic and in order to control the 
reaction it was necessary to heat the mixture of zinc and isoamyl alcohol 
to the specified temperature, remove the source of heat, and add the solu-
tion of LV in isoamyl alcohol at a rate that maintained distillation of 
2,5-dihydrofuran (XLVI). 
The XLVI was formed in 84% yield based on the amount of LV used 
and in 58% yield based on the amount of cis-2-butene-1,4-diol (XLIV) used 
The XLVI obtained showed physical constants in agreement with the litera-
ture (31) values and had an n.m.r. spectrum identical with that of an 
authentic sample. 
Bromination of 2-pentene-1,4-diol was carried out in the same man-
ner as the bromination of XLIV. When the addition of bromine was complete, 
the solution was concentrated and some crystalline material separated from 
the solution. Elemental analysis of this material was consistent for ei-
ther of the expected diastereoisomeric products, d1-2,3„5-trideoxy-2„3- 
dibromoarabitol (LII) or d1-2 5 3,5-trideoxy-2,3-dibromoxylitol (LIII). 
The sirupy mixture of LII and LIII slowly evolved hydrogen bromide at 
room temperature but the crystalline compound, once purified, was stable. 
The infrared and n.m.r. spectra were consistent for either struc-
ture. All of the absorptions in the n.m.r. spectrum were assigned and 










LII or LIII 
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A 	3.43 	EF = 5 
4.97 	BD = 7 
C 1 D,E 	5.40-6.08 BE = 7 
8.48 
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Cyclization of the mixture of d1-2,3,5-trideoxy-2,3-dibromoarabi-
tol (LII), d1-2,3 1 5-trideoxy-2,3-dibromoxylitol (LIII) and 1,4-pentane-
diol (LI) was carried out in the manner described for the cyclization of 
d1-21 3-dibromobutane-1,4-diol (79). The mixture of 2-methy1-3,4-trans-
dibromotetrahydrofurans (LIV) was produced in 63.5% yield, based on the 
amount of cis-2-pentene-1,4-diol in the starting material. The prepara-
tion showed infrared and n.m.r. spectra that were consistent for the ex-
pected structures. Elemental analysis of the mixture gave satisfactory 
analytical data for a mixture of the two epimeric 2-methy1-3,4-trans-di-
bromotetrahydrofurans (LIV). The infrared and n.m.r. spectra of the com-
pound were consistent for the expected structure. The n.m.r. spectrum 
of LIV, which is described below, was complicated and no assignments ex-
cept the position of absorption of H„, could be Made. That both epimeric 
2-methyl-3,4-trans-dibromotetrahydrofurans were present in the product 
was shown by the two doublets at 8.60 and 8.69 T. The relative ratio 
of the two epimers was shown to be approximately 9:1 from the relative 
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Debromination of‘LIV was accomplished using zinc dust in n-hexyl 
alcohol by the method used for the debromination of (91-3,4-dibromotetra-
hydrofuran (LV). As in the debromination of LV, the reaction was very 
exothermic and the n-hexyl alcohol solution of LIV was added at a rate 
that maintained moderate distillation of 2 5-dihydro-2-methylfuran (XLV). 
The yield of XLV was 58.6% based on LIV, and 36.8% based on cis-2-pentene-
1,4-diol (XLIII). 
The physical constants observed for XLV were in agreement with 
the recorded (41) values, and the infrared and n.m.r. spectra were con-
sistent with the expected structure. All the absorptions in the n.m.r. 
spectrum of XLV were assigned and are described below. 
XLV 
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Bromination of 3-methyl-cis-2-pentene-1,4-diol (XLIII) was carried 
out using the method described for the bromination of cis-2-butene-1,4- 
diol (XLIV). During the addition of the methylene chloride solution of 
bromine, the reaction mixture turned green, and crystalline material sep-
arated. This material amounted to a 22% Yield of the addition product of 
bromine and XLIII,. The remainder of the reaction product resisted crys-
tallization. The infrared and n.m.r. spectra of the crystalline material 
were consistent for either of the expected diastereoisomeric d1-2,3,5- 
trideoxy-2,3-dibromo-3-C-methylarabitol (LVI) or d1-2,3,5-trideoxy-2 1 3- 
dibromo- 3-C-methylxylitol (LVII). The crystalline compound gave satis-
factory analytical data for either LVI or LVII. The n.m.r: spectrum of 
the compound could not be used to distihguish between the two possible 




























CG = 6 
DB = 4.5 
EB = 6.5 
HB 
. 
LVI or LVII 
When the mixture of LVI and LVII was treated with Dowex 50W-X8 
ion-exchange resin using the procedure previously described for the 
cyclization of d1-2,3-dibromobutane-1,4-diol (79), a 46,7% yield of 2,3- 




quantity of black tar remained in the reaction vessel after the reaction 
was complete. The lower yield of this cyclization and the formation of 
polymeric material perhaps resulted because both the starting material 
and the product contain a relatively labile tertiary bromine atom. The 
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product.from this reaction showed strong lachrymatory and vesicant proper-
ties. The product spontaneously evolved hydrogen bromide at room temper-
ature, but could be stored without change for several days at -80 ° . 
The debromination of the preparation (LVIII) using zin6duStnin 
n-hexyl alcohol was performed using the prbcedure previously described 
(80) for the debromination of the mixture of trans-3 1 4-dibromo-2-methyl-
tetrahydrofurans (DIV). The crude 2,5-dihydro-2,3-dimethylfuran (XVIII) 
was obtained in a,yield of 79.5%. The 11.•.hor Spectrum of the crude prod-
uct showed the presence of approximately five per cent of 2,3-dimethyl-
furan (XXI). This by-product presumably results from dehydrohalogena-
tion, rather than dehalogenation, of the starting material. The crude 
product was purified by distillation using a lab-size spinning-band col-
umn; a 56.1% yield of pure 2 1 5-dihydro-2 1 3-dimethylfuran resulted. Ele- 
mental analyses were satisfactory for the expected formula and the infrared 
XVIII 
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Zn, 135 ° CH
3
, H 
LVIII XVII I XXI 
and n.m,r. spectra were consistent for the.expected structure. The ab-
sorptions present in the n.m.r. spectrum are assigned as shown below. 
Most of the absorptions present were too complicated to be analyzed. 
When the absorption resulting from the methyl group at highest field (HO 
J, cps 
A 	4.50-4.68 BF = 6.0 
13.1.21 D 5.20-5.67 
E 	8.32 
F 8.83 
was expanded at 50 cps sweep width, the more intense member of the dou-
blet was found to be split into a doublet that had J = 0.4 cps. 
After the synthesis of 21 3-dimethy1-2 1 5-dihydrofuran (XVIII) by 
the route just described had been completed, a shorter and more conven- 
ient synthesis of XVIII was published (49). This synthesis consisted of 
the addition of vinyltriphenylphosphonium bromide to the anion of acetoin. 
Several attempts were made to improve the reported yield (39%) 
for the synthesis. None resulted in a materially improved yield; the 
maximum yield obtained was 42%. Ethanol and benzene were observed as 
P 
XVIII 
H 	 H 
03 	




BrG 	 HO 0 (2) DMF 
by-products present in the crude 2 3-dimethy1-2„5-dihydrofuran produced 
in this reaction. These products could only have resulted from side re-
actions involving the starting materials. 
2,5-Dihydrofuran (XLVI) was chosen as a model for the cis-hydroxy-
lation of 2,5-dihydro-2-methylfuran (XLV) and 2 2 5-dihydro-2,3-dimethyl-
furan (XVIII). cis-Hydroxylation of XLVI using the method of Milas and 
Sussman (72) (osmium tetroxide in a solution of hydrogen peroxide in 
t-butyl alcohol) resulted in a 24% yield of meso-3,4-dihydroxytetrahydro-
furan (XXXII). A large quantity of polymeric material remained after 
distillation of the crude reaction product. Various modifications of 
this procedure gave poorer yields. 
When the above hydroxylation procedure was used with 2,5-dihydro-
2,3-dimethylfuran _(XVIII), a 28.6% yield of a viscous black sirup re-
sulted. GLC analysis of this preparation showed the presence of eight 
major components, two of which showed the same retention times as dl-
dihydrodideoxystreptose (XIX) and d1-4-epidihydrodideoxystreptose (XX). 
Quantitative GLC analysis of the crude reaction mixture was performed 
using lauryl alcohol as an internal standard. The relative molar re-
sponse of lauryl alcohol and XIX was determined to be 1.03. The yields 
of XIX and XX were determined to be 0.6% and 2.2%, respectively. The 
LIX LXI 
1. CH3-0O2Ag,I 21 
CH do H' 
- 
2. H2O 
3. Na0H,H20 0 
CH 
Because hydroxylation by the silver acetate-iodine-wet acetic ac-
id reagent takes place predominantly from the more sterically hindered 
side, and proceeds in good yield, it seemed promising as a method of hy-
droxylation of 2,5-dihydro-2,3-dimethylfuran (XVIII). dl-Dihydrodideoxy-
streptose (XIX), and not dl-4-epidihydrodideoxystreptose (XX), is the 
product that would result if hydroxylation of XVIII occurred predominant-
ly from the more sterically hindered side of XVIII. 
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ratio of XX to XIX was 3.7:1. It was anticipated that XX would be formed 
in larger quantity than XIX, since the formation of XX corresponds to hy-
droxylation of XVIII from the less sterically hindered side. Since the 
yield was very low this method of hydroxylation was abandoned. 
cis-Hydroxylation of the 6,7-double bond of dl-anti-trans-4,4n$5,8 ) 
 8a-hexahydro-11 8a-dimethy1-2(3H) phenanthrone (LIX) using the silver ace-
tate-iodine-wet acetic acid reagent, has been shown (71) to give the p-
cis-diol (LX) in 71% yield and the a-cis-diol (LXI) in 205% yield. Os-
mium tetroxide hydroxylation of LIX has been shown to produce LXI as the 







2. H2O 2 
3. H20, NaOH  
XIX (Major) 	XX (Minor) 
The hydroxylation of 2 1 5-dihydro-2-methylfuran (XLV) would also 
be expected to be somewhat stereospecific and to result in d1-3-nordihy-
drodideoxystreptose (XXXIII) as the major product and d1-3-nor-4-epidihy-










The mechanism of silver acetate-iodine-wet acetic acid cis-hydroxy-
lation has been formulated (71) as the initial attack of I
$ 
from the less 
sterically hindered side of the molecule, followed by trans opening of 
the intermediate iodonium ion by acetic acid, and loss of a proton to 
give the iodoacetate. In the presence of water, displacement of iodide 
ion by the neighboring acetoxyl group results in the formation of the 
cis-orthoacetate. This intermediate is then hydrolyzed to give first 
the hydroxyacetate and then the diol. This mechanism is illustrated with 
cis-3,6-dimethylcyclohexene. 











iodine-wet acetic acid reagent was first performed as a model reaction and 
resulted in a 68% yield of meso-3- ,4-dihydroxytetrahydrofuran (XXXII). 
This compound showed physical constants that were in agreement with the 
recorded (33) values and had an n.m.r. spectrum that was consistent with 
the expected structure. The absorptions in the n.m.r. spectrum were 
assigned as shown below. 
H T 
5.23 
5.57-6.42 B 13' C 2 C' 7 D9 D'  - - 
XXXII 
  
Treatment of XXXII with benzoyl chloride in pyridine furnished a 
90.5% yield of meso-3,4-dibenzoyloxytetrahydrofuran (LXII). This crys-
talline compound gave analytical data that were satisfactory for the ex-
pected formula. The infrared and n.m.r. spectra were consistent for the 
expected structure. The absorptions present in the n.m.r. spectrum are 





Aromatic 	1.92-2.25 and 2.41-3.00 
AA' 	4.18-4.59 
0 
	 BB',CC' 	5.60-6.63 
LXII 
	
R = C6H5-C- 
Hydroxylation of olefins by neutral aqueous potassium permanganate 
has been shown (81) to result in the cis-orientation of the hydroxyl 
groups; the yields are frequently good. Accordingly, cis-hydroxylation 
of 2,5-dihydrofuran (XLVI) using this reagent was investigated. 
cis-Hydroxylation of XLVI was accomplished in 47.6% yield using 
cold aqueous potassium permanganate. Addition of magnesium sulfate to 
the reaction mixture to keep the mixture from becoming basic did not im-
prove the yield. The physical constants obtained for the resulting meso-
3,4-dihydroxytetrahydrofuran (XXXII) prepared by this method were in 
agreement with the recorded values (33). 
Because cis-hydroxylation of 2,5-dihydrofuran (XLVI) using the 
silver acetate-iodine-wet acetic acid reagent gave a better yield of 
meso-3,4-dihydroxytetrahydrofuran than was obtained when potassium 
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14.9 
permanganate was used, the former reagent was used for the hydroxylation 
of 2„5-dihydro-2-methylfuran (XLV). This method of cis-hydroxylation was 
also favored because hydroxylation was expected to occur predominantly 
in the formation of d1-3-nordihydrodideoxystreptose (XXXII') as the major 
product. 
cis-Hydroxylation of XLV by this method resulted in a 79.7% yield 
of a( sirup (LXV) that presumably was a mixture of d1-3-nordihydrodideoxy-
streptose (XXXII') and d1-3-nor-4-epidihydrodideoxystreptose (XXXIV). 
This sirup gave analytical data that were satisfactory for the expected 
formula. The infrared and n.m.r. spectra of the preparation were con-
sistent for the expected product. The absorptions present in the n.m.r. 
spectrum of LXV were assigned as shown below. 
 
H 	T J.„ cps 
HD' CH3 
A 	5.31 
Bl gJ EIJ EJ F 5.56-6.63 
G 	8.76 
DG = 6 
LXV 
  
Two epimeric diols (XXXIII and XXXIV) would be expected to be pro- 
duced, in different yields, from this hydroxylation procedure. The n.m.r. 
spectrum of the product obtained showed only one doublet in the region 
8.00-9.00 T. In addition, the preparation gave only one peak by GLC anal-
ysis. That this preparation actually consisted of the two epimeric diols 
was shown by the preparation of certain derivatives of this particular 
preparation, and also derivatives of a corresponding diol mixture pre-
pared by potassium permanganate hydroxylation (77). 
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Treatment of this diol mixture with phthalic anhydride in pyridine 
resulted in a 72% yield of crystalline material that gave satisfactory 
analytical data for the bis-hydrogen phthaloyl derivative of d1-3-nor-
dihydrodideoxystreptose (XXXIII). This phthaloyl derivative had infrared 
and n.m.r. spectra that were consistent for the expected structure. The 
n.m.r. spectrum of this compound was particularly definitive, and the 
coupling constants for all of the ring protons could be determined by 
first order analysis. These data are enumerated below. 
0 	 0 	 H 	T 	J, cps 
C--O 0-4 Aromatic 2.00-2.61 BC = 5.6 
A 	2.71 	BD = _5.5 
H
3 	 B 4.29 BF= 3.9 
\H
G C 	4.88 	CE = 7.4 
E 	 D 5.61 EG = 6.3 
XXXIIIa 
E 	5.89 	FD =-10.2 
F 6.02 
G 	8.63 
A mixture of the epimeric bis•hydrogen phthaloyl derivatives of 
XXXIII and -XXXIV was obtained (82) in a later preparation, and the n.m.r. 
spectrum of that preparation clearly showed the presence of two doublets 
in the 8.00-9.00 T region. Because the n.m.r. spectrum of the phthaloyl 
derivative of the diol preparation resulting from the silver acetate-
iodine-wet acetic acid hydroxylation showed only one doublet in the region 
8.00-9.00 T for the methyl group, this derivative is not a mixture of the 
bis-hydrogen phthalates of XXXIII and XXXIV. 
Since the magnitude of the coupling constant J OE is 7.4 cps, these 
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two ring protons (H0 and H
E) are clearly cis (83). Therefore the bis- 
hydrogen phthalate (LXXIVa) obtained pure from this preparation is that 
derived from d1-3-nordihydrodideoxystreptose (XXXIII). 
Because a 72% yield of the bis-hydrogen phthaloyl derivative of 
d1-3-nordihydrodideoxystreptose (XXXIII) was obtained, hydroxylation of 
2„5-dihydro-2-methylfuran using the silver acetate-iodine-wet acetic acid 
reagent must proceed town extent of at least 72% from the more sterical-
ly hindered side. This result is expected, since hydroxylation of ole-
fins using the silver acetate-iodine-wet acetic acid reagent has been 
shown (71) to result in hydroxylation from the more sterically hindered 
side. 
A more detailed discussion of the conformation of the bis-hydrogen 
phthaloyl derivative of XXXIII and other related compounds appears at the 
end of Chapter III of this thesis. 
Since optical resolution of synthetic dl-dihydrodideoxystreptose 
was desired for the complete synthetic proof of structure, an attempt to 
resolve dl-3-nordihydrodideoxystreptose (XXXIII), as a model, was made. 
Partial optical resolution of XXXIII was accomplished by fractional crys-
tallization of the brucine salt of the bis-hydrogen phthaloyl derivative. 
From the brucine salt that resulted from the third recrystallization a 
dextrorotatory phthaloyl derivative was obtained that showed Laj D 44.0 ° 
+ 0.6° . The filtrates from the fractional crystallization of the salt 
resisted crystallization. No further attempt was made to obtain the levo-
rotatory phthalate. 
Even though hydroxylation of 2,5-dihydro-2-methylfuran (XLV) using 
the silver acetate-iodine-wet acetic acid reagent produced d1-3-nordihy- 
H ti 	1, cps 
] 	F': 
CH 	—_____ H 
	
3 . 	G 
A,B,C,D,E,F 	5.43-6.54 FG = 6 
8.73 
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drodideoxystreptose (XXXIII) in largest amount, an investigation of the 
hydroxylation of 2,5-dihydro-2-methylfuran (XLV) using aqueous potassium 
permanganate was undertaken. This reaction proceeded in 52% yield, and 
gave a mixture of diols (XXXIII and XXXIV). The diol mixture obtained, 
OH 	OH 
XXXIV XLV XXXIII 
K12114,1120.> 
20 
a distillable sirup, had analytical data that were satisfactory for the 
formula of the two expected epimers. The preparation had infrared and 
n.m.r. spectra that were consistent for a mixture of the resulting diols. 
The absorptions in the n.m.r. spectrum are described below. 
XXXIII + XXXIV 
As was the case with the diol mixture resulting from the hydroxy-
lation of 2,5-dihydro-2-methylfuran (XLV) using the silver acetate-
iodine-wet acetic acid reagent, the n.m.r. spectrum of this diol mixture 
showed only one doublet resulting from the methyl group at 8.73 T and 
GLC analysis showed only one peak. 
This preparation was treated with phthalic anhydride in pyridine. 
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The resulting mixture of bis-hydrogen phthalOyl derivatives was obtained 
crystalline after chromatography over silicic acid. The n.m.r. spectrum 
of the preparation, after two recrystallizations, showed two doublets 
in the region 8.00-9.00 T. The absorptions in the n.m.r. spectrum were 
assigned as shown below. The infrared spectrum of the mixture was con- 
CO HA  
0 
O " C--0 I 
H T 	4_22L 
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sistent for the expected structures. 
When the mixture of d1-3-nordihydrodideoxystreptose (XXXIII) and 
d1-3-nor-4-epidihydrodideoxystreptose (XXXIV) was treated with 2-nitro-
benzoyl chloride in pyridine, a mixture of crystalline bis-2-nitroben-
zoyl derivatives of XXXIII and XXXIV was obtained. The mixture LXVI 
showed m.p. 95-104° when initially crystallized, but after three crystal-
lizations the melting point was 96.5-119.5 ° . The broadening of the melt-
ing point range after three crystallizations indicated that the original 
crystalline mixture of epimers was becoming enriched in the epimer that 
was originally present in smallest amount. The analytical data obtained 
for the mixture was satisfactory for the expected molecular formula and 
the infrared spectrum of the mixture was consistent with the expected 
structures. 
154 
The n.m.r. spectrum of the preparation was consistent for a mix-
ture of the epimeric bis-R-nitrobenzoates of XXXIII and XXXIV. The ab-
sorptions present in the n.m.r. spectrum were assigned as shown below. 




ti 	J ., cps 
Aromatic 1.60-2.10 EF = 6 
HEPCH3 F 0 	A 	4.05-4.50 
It 
R = 2-NO2-06114C- B 4.58-4.92 
C„D„E 	5.30-6.10 
F 8.54 and 
8.59 
The fact that the n.m.r. spectrum of the preparation showed two doublets 
in the region 8.50-8.60 ¶ resulting from the methyl groups present in 
the two compounds indicated that both epimers were present. This also 
indicates that, as previously mentioned, the diol resulting from potas-
sium permanganate hydroxylation was also a mixture of the two epimers„ 
even though the n.m.r. spectrum of this mixture showed only one doublet 
resulting from the methyl group, and GLO analysis indicated only one com-
ponent. The relative ratio of the two epimeric bis-R-nitrobenzoyl de-
rivatives in the material that had been recrystallized two times was ap-
proximately 1.4:1 as determined from the relative intensities of the two 
doublets at 8.54 and 8.59 ¶ in the n.m.r. spectrum of the preparation. 
When the mixture of diols (XXXIII and XXXIV) was treated with 3,5- 
dinitrobenzoyl chloride, one of the two epimeric bis-3,5-dinitrobenzoyl 
derivatives was obtained pure. This crystalline derivative was identi- 
cal with a sample obtained in another way (43), as shown by the fact that 
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the two samples had superimposable infrared spectra, and there was no de-
pression in mixture melting point. The n.m.r. spectrum of the compound 
showed only one doublet in the region 8.00-9.00 T, which indicated that 
only one of the two possible epimers was present. The absorptions pres-
ent in the n.m.r. spectrum were assigned as described below. 
NO
2 	 NO2 
cps 
Aromatic 0.64-1.18 AB = 6 
A 	4.03-4.39 BE = 6 
B 4.63 	EF = 6.2 
C,D,E 	5.26-6.18 
F 8062 
That this derivative is the 3,5-dinitrobenzoyl derivative of d1- 
3-nordihydrodideoxystreptose is shown by the pattern of H B in the n.m.r. 
spectrum.TheabsorptionresultingfrmE„
2




also be cis. If HB  were trans to H, a completely different pattern would 
be expected for HB; a closely spaced quartet having 
jBE 3 
 
cps would be 
anticipated. 
In an attempt to purify and possibly resolve this mixture of diols 
(XXXIII and XXXIV), the mixture was treated with 1-menthoxyacetyl chlo- 
ride. The resulting sirup showed an infrared spectrum that was consist-
ent for the expected mixture, but the sirup resisted crystallization even 
after chromatography over silicic acid. 
After the model hydroxylations of 2,5-dihydrofuran (XLVI) and 
 
      
      








Sublimation of the resulting brown crystalline material in vacuo  
furnished a 14.3% yield of white, hygroscopic d1-4-epidihydrodideoxy-
streptose (XX). The pure compound had analytical data that were consist-
ent for the molecular formula and an infrared spectrum consistent for 
the expected structure. The infrared spectrum was markedly different 
from the infrared spectrum of authentic L-dihydrodideoxystreptose (Xan) 
derived from streptomycin. The n.m.r. spectrum of XX was consistent for 
the expected structure but very different in the signal pattern of the 
ring protons from the n.m.r. spectrum of XIII. The n.m.r. spectrum of 
dl-4-epidihydrodideoxystreptose (XX), recorded using a 60 Mc. instrument, 
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2,5-dihydro-2-methylfuran (XLV) were complete, the hydroxylation of 2,5- 
dihydro-2,3-dimethylfuran (XVIII) was performed using the silver acetate-
iodine-wet acetic acid reagent and the conditions employed in the hydroxy-
lation of 2,5-dihydro-2-methylfuran by this method. The crude reaction 
product consisted of a viscous black sirup that resisted crystallization. 
Chromatography of the sirup over silicic acid furnished several initial 
fractions of black tar and then one sirupy fraction that furnished a 19.8% 




Aromatic 1.89 	AB = 5.2 
HC 	 A 	4.21 AD = 2.2 
5.55 	BD = -11.5 
HB 0 H3 F---"r' 	 C 	5.61 CF = 6.4 
LXXIV 0 	 6.02 
8.35 R = N0,2-C6H4-C- 
F 
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is given as Fig. 2. Considerable difficulty was experienced in analyzing 
the spectrum. Finally, with the aid of a spectrum determined at 100 Mc. 
(86), the experimental spectrum was matched with a calculated spectrum 
(84). The data are given below. 
A 5.89 AB = 3.25 
B 6.18 AD = -10.00 
C 6.22 BD = 5.25 




Treatment of d1-4-epidihydrodideoxystreptose with an excess of 
2-nitrobenzoyl chloride in hot pyridine furnished, after chromatography 
over aluminia, a 40.7% yield of a crystalline bis-p-nitrobenzoyl deriva-
tive (LXXIV). The compound gave satisfactory analytical data for the 
expected formula, and the infrared and n.m.r. spectra were consistent 
for the expected product. All the absorptions in the n.m.r. spectrum 
of the compound were assigned as shown below. 
R-0 	0-R 
	
ti 	 J 1 cps 
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The fact that hydroxylation of 2,3-dihydro-2,3-dimethylfuran using 
the silver acetate-iodine-wet acetic acid reagent gave only d1-4-epidihy-
drodideoxystreptose (XX), and no dl-dihydrodideoxystreptose (XIX), is 
worthy of comment. The product analysis (by GLC), which showed only one 
volatile component and the low yield obtained, are in distinct contrast 
with the results of hydroxylation of 2 1 5-dihydro-2-methylfuran. In the 
latter case a yield of about 80% of diols resulted, and of this amount a 
minimum of 72% was dl-3-nordihydrodideoxY -streptose. This result was an-
ticipated, since hydroxylation by this procedure produces in major amount 
the diol corresponding to hydroxylation from the more sterically hindered 
side. 
The reaction pathways for 2,5-dihydro-2,3-dimethylfuran are shown 
below. Reaction of 2,5-dihydro-2 1 3-dimethylfuran with I@ would be ex-
pected to result in the preferential formation of la over 2a since attack 
of I would be expected to take place predominantly from the less steri-
cally hindered side of the molecule. Reaction of the intermediate iodo-
nium ion la with acetic acid, the active nucleophile, would result in 
the formation of lb and lc after the loss of a proton. The latter would 
be expected to predominate because S N2 solvolysis at the secondary car-
bon would be expected to predominate over S N2 solvolysis at the tertiary 
position. Although the carbon atom at C
3 
of the tetrahydrofuran ring 
probably has a considerable amount of carbonium ion character, no epimeri-
zation at this center takes place because no trans-diol is observed in 
the crude product. 
The intermediate lc, a tertiary iodide, may not be particularly 
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3 hrs.), and is probably consumed by side reactions. The low yield of 
diol, but not the exclusive formation of d1-4-epidihydrodideoxystreptose 
(XX), may be accounted for by the formation of a large amount of tar and 
resinous products that possibly result from decomposition of the inter-
mediate tertiary iodides. 
The next step in the reaction mechanism is the formation of the 
cis-orthoacetate ld by the reaction of lb and lc with water. Because of 
the large,amount of steric hindrance present in the molecule owing to 
the presence of the orthoacetate group on the same side of the ring as 
the C2 methyl group, the energy of activation for the formation of ld 
will necessarily be large, and perhaps insurmountable under the reaction 
conditions. 
The formation of the only observed product of the reaction, d1-4- 
epidihydrodideoxystreptose, requires attack of I on 2 1 5-dihydro-2 1 3-di-
methylfuran from the more sterically hindered side and the formation of 
the intermediate iodonium ion aa. Although the formation of 2a is less 
favored than the formation of la, the conversion of 2a, once formed, to 
the required 2d would be energetically much more favorable than the con-
version of la to ld, since ld is much more sterically hindered than 2d. 
The conversion of 2d to the observed product, XX, would be expected to 
proceed without difficulty in the presence of aqueous methanolic sodium 
hydroxide. 
Hydroxylation of 2,5-dihydro-2,3-dimethylfuran (XVIII) using 
cold, aqueous potassium permanganate was performed using the previously 
described procedure for the hydroxylation of 2,5-dihydrofuran (XLVI) and 
2,5-dihydro-2-methylfuran (XLV). GLC analysis of the crude reaction 
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product, a dark sirup, showed the presence of two volatile compounds that 
had retention times of 7.40 and 8.80 min. and were present in a ratio of 
1:3.4, respectively. Under identical conditions authentic L-dihydrodi-
deoxystreptose had a retention time of 7.40 min. and d1-4-epidihydrodi-
deoxystreptose had a retention time of 8.80 min. 
These results clearly show that the minor product of this reaction 
is dl-dihydrodideoxystreptose, as expected, since cis-hydroxylation using 
potassium permanganate is known (81) to proceed predominantly from the 
less sterically hindered side of the double bond. 
The sirup obtained as the crude reaction product in this hydroxy-
lation resisted crystallization from a variety of solvents. Chromatog-
raphy of the sirup over silicic acid furnished a 48.5% yield of a sirup 
that was shown by GLC analysis to contain only dl-dihydrodideoxystrep-
tose (XIX) and d1-4-epidihydrodideoxystreptose (XX). Assuming the rela-
tive molar response of XIX and XX are the same, the chromatographed ma-
terial consisted of 22.6% of XIX and 77.4% of XX, as shown by integration 
of the areas under the peaks. 
Separation of XIX and XX was accomplished by fractional crystal-
lization of the chromatographed sirup from dry isopropyl ether. A solu-
tion of the sirup in dry isopropyl ether was seeded with crystalline d1- 
4-epidihydrodideoxystreptose (XX), and after crystallization was com-
plete, the crystalline material was removed by filtration. Crystalline 
dl-dihydrodideoxystreptose (XIX) was then obtained from the filtrate with 
difficulty. Once seed crystals of each of the two epimers were available, 
no difficulty was encountered in the fractional crystallization. Based 






the yields of purified, crystalline XIX and XX were 11.7% and 22.7%, re-
spectively. An additional quantity of each epimer could be obtained af-
ter rechromatography of the combined filtrates, followed by fractional 
crystallization. 
The dl-dihydrodideoxystreptose (XIX) obtained in the above way had 
analytical data that were consistent with the expected folmula. The in-
frared and n.m.r. spectra of synthetic dl-dihydrodideoxystreptose (XIX) 
were identical with the corresponding spectra of an authentic sample of 
L-dihydrodideoxystreptose (XIII) derived from streptomycin. The melting 
points of XIX and XIII were different, but it is well known (85) that a 
racemate can melt lower, at the same temperature, or higher than one of 
the optically pure enantiomers. 
The n.m.r. spectrum of dl-dihydrodideoxystreptose (XIX), recorded 
using a 60 Mc. instrument is given as Fig. 3. The analysis of this spec-
trum was difficult; however, with the aid of a spectrum determined at 
100 Mc. (86), the experimental spectrum was finally matched with a com-
puted spectrum (84). The parameters used are given below. 
XIX 
cps 
A 	5.98 	AB = 4.90 
B 6.09 AC = 7.00 
	
6.34 	BC = -8.75 













When dl-dihydrodideoxystreptose (XIX) was treated with an excess 
of 27nitrobenzoyl chloride in pyridine, a crystalline bis-E-nitrobenzoyl 
derivative (LXVII) was obtained in 46.8% yield after chromatography over 
aluminia.- The compound gave analytical data that were satisfactory for 
the. expected formula. The infrared and n.m.r. spectra were consistent 
for the expected product. All the absorptions in the n.m.r. spectrum 
were assigned and are described below. 
R-0 	0-R 	 H 	fG 	J cps 
Aromatic l.64-2008 
3 	 A 	4.24 	AB = 4.9 
5070 AD = 2.9 
0 	C 	5.72 	BD = -11.1 
HE 




The recently reported, stereospecific total synthesis of L-strep-
tose (XVI) (25) has confirmed the absolute stereochemistry at C 2 and C4 
 of L-streptose (XVI) as well as L-dihydrodideoxystreptose (XIII). 
The synthesis of streptose did not unequivocally prove that the 
C2-C3 hydroxyl groups were cis, as was assigned in the original work. 
Cold aqueous potassium permanganate hydroxylation of 2 1 5-dihydro-2,3- 
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dimethylfuran -(XVIII) furnished two cis-diols, dl-dihydrodideoxystreptose 
(XIX) and d1-4-ePidihydrodideoxystreptose (XX). One of these diols had 
identical infrared and n.m.r. spectra and identical GLC behavior when 
compared with an authentic sample of L-dihydrodideoxystreptose. Therefore, 
the 
C2-C3 hydroxyl groups of L-dihydrodideoxyttrettose, as well as those 
of L-streptose, are proved to be cis, and the structures initially as-
signed to these compounds are shown to be correct. 
The synthetic procedures described produced the racemate of dihy-
drodideoxystreptose. In order to enhance the value of this synthetic 
work, it seemed desirable to effect the optical resolution of dl -dihydro-
dideoxystreptose and to make a direct comparison of the resolved com-
pound with an authentic sample of Irdihydrodideoxystreptose derived from 
streptomycin. 
It is worthy of comment that, if the optical resolutions of dl-
dihydrodideoxystreptose (XIX) and dl-4-epidihydrodideoxystreptose (XX) 
could be achieved, the absolute stereochemistry of all of the centers of 
all four compounds could be established by a relatively simple experi-
ment. The syntheses that have been described have unequivocally estab-
lished the absolute stereochemistries of the carbon atoms of L-dihydro-
dideoxystreptose; the absolute stereochemistry at C
4 
is L. If a solution 
of L-dihydrodideoxystreptose (XIII) and one equivalent of sodium metape-
riodate were placed in a polarimeter tube, the optical rotation observed 
would be expected to approach a value resulting from compound LXVIII. 
If either optically active D-4-epidihydrodideoxystreptose (LXIX) 
or L-4-epidihydrodideoxystreptose (LXX) were reacted similarly, the opti-














magnitude but opposite direction to that obtained from L-dihydrodideoxy-
streptose (XIII). These reactions are illustrated by the following equa-
tions. Thus, the optical resolutions of dl-dihydrodideoxystreptose (XIX) 
CHO 
CH 1 2 











and d1-4-epidihydrodideoxystreptose (XX) were deemed advisable. 
It has been stated that "glycols cannot be resolved by the phthal-
ic ester procedure because they tend to form polymeric esters instead of 
simple hydrogen phthalates when treated with phthalic anhydride" (87). 
Nevertheless, because of the successful preparation of the bis-hydrogen 
phthaloyl derivative of 3-nordihydrodideoxystreptose (XXXII') and success-
ful partial optical resolution of this derivative by fractional crystal-
lization of the brucine salt, this method of resolution of dl-dihydrodi-
deoxystreptose (XIX) was attempted. 
-c 	J cps 
A 	1.32 	BC = 6.5 














As a model compound for the preparation of a mono-hydrogen phthal-
oyl derivative of a 1,2-glycol containing secondary and tertiary hydroxyl 
groups, 3-methyl-2 $ 3-butanediol was chosen. A crystalline 3-hydrogen 
phthaloyl derivative (LXXI) of this compound was prepared in 92.6% yield. 
The derivative gave satisfactory analytical data and had n.m.r. and infra-
red spectra that were consistent with the expected formula. The absorp-
tions present in the n.m.r. spectrum were assigned as shown below. 
Because the preparation of a mono-hydrogen phthaloyl derivative of 
a diol containing secondary and tertiary hydroxyl groups had been shown 
to be successful, and because the partial resolution of the bis-hydrogen 
phthaloyl derivative of d1-3-nordihydrodideoxystreptose (XXXIII) was suc-
cessful, this method of resolution of dl-dihydrodideoxystreptose was at-
tempted. 
The reaction of dl-dihydrodideoxystreptose (XIX) with phthalic anhy-
dride in hot pyridine, followed by the standard workup„ gave a 76% yield 
of a brown glass. The brown glass was chromatographed over silicic acid. 
Initial fractions from the silicic acid chromatography gave, in 8% yield, a 
crystalline, pure material. The analytical data that were obtained were 





which is the formula for a moho-hydrogen phthaloyl derivative of dl-dihy- 
LXXII 
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drodideoxystreptose. The infrared spectrum showed only one absorption 
(5.60 p) in the 5.00-6.00 p region when recorded as a liquid film whereas 
the mono-hydrogen phthaloyl derivative of 2,3-butanediol (LXXI) showed ab-
sorptions at 5.66 and 5.81 p, and the bis-hydrogen phthaloyl derivative of 
d1-3-nordihydrodideoxystreptose showed absorptions at 5.82 and 5.90 p. 
Based on the analytical results and the infrared spectrum, this crystal- 
line compound would appear to be the phthalide (LXXII). The carbonyl group 
of phthalide itself is reported to absorb near 5.56 11, and the carbonyl 
group of 3-methylenephthalide near 5.61 p (88). Because the spirocyclic 
carbon atom of LXXII is asymmetric, the crystalline material obtained 
could have been either of the two possible epimers. The n.m.r. spectrum 
of the compound was also consistent with this structural formula, and was 
completely analyzed. The data are given below. 
J, cps 
Aromatic 2.10-2.40 AB = 0 
A 5.18 AC = 3.25 
B 5.85 BC = -11.3 




Later chromatography fractions had n.m.r. spectra that appeared 
reasonable for the impure 2-hydrogen phthaloyl derivative of dl-dihydro-
dideoxystreptose. These fractions could not be crystallized, and TLC 
analysis showed that at least five compounds were present in these frac-
tions. One of these impurities was phthalic acid, and one was the 
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phthalide (LXXII). The column fractions that appeared to be richest, by 
their n.m.r. spectra and TLC analysis in the 2-hydrogen phthaloyl deriv-
ative of dl-dihydrodideoxystreptose were pooled and treated with brucine. 
No crystalline material could be obtained. 
Modification in the preparation of the 2-hydrogen phthaloyl deriv-
ative of dl-dihydrodideoxystreptose, for example omitting heating, or 
omitting workup with acid, gave results that were similar to the above. 
Preparative TLC of a fraction presumably rich in the 2-hydrogen 
phthaloyl derivative of dl-dihydrodideoxystreptose gave a preparation 
that still showed three spots upon analytical TLC analysis. 
A fraction that was presumably rich in the 2-hydrogen phthaloyl 
derivative of dihydrodideoxystreptose was heated under reflux for four 
days with chloroform that contained five per cent acetic acid. TLC anal-
ysis showed that the spot presumably corresponding to the 2-hydrogen 
phthaloyl derivative of dl-dihydrodideoxystreptose decreased in intensi-
ty, and the spot corresponding to the phthalide increased in intensity. 
These results indicate that the 2-hydrogen phthaloyl derivative 
of dl-dihydrodideoxystreptose can be prepared, but that it is extremely 
unstable to weak acid. It is readily converted to the phthalide and/or 
other materials. Because a pure phthalate could not be obtained, this 
method of resolution was abandoned. 
One procedure that has been used for the optical resolution of 
racemic diols is the preparation of the 1-menthoxyacetyl derivatives. 
The resulting diastereoisomeric compounds can frequently be separated 
because they have different physical properties. Reaction of dl-dihydro-
dideoxystreptose (XIX) with 1-menthoxyacetyl chloride in benzene, using 
only a slight excess of pyridine, gave an 87.5% yield of a crystalline 
mixture of diastereoisomes. Satisfactory analytical data were obtained 
for this mixture. The melting point of the crude material was 79-85 ° , 
and the melting point of material that had been recrystallized three 
times was 85 -86°. The optical rotation of the crude product was -63.8 + 
0.97° , and the optical rotation of material that had been recrystallized 
three times was -63.39 + 0.67°. Thus, fractional crystallization failed 
to separate the two diastereoisomers. 
The 1-menthoxyacetyl derivative of authentic L-dihydrodideoxystrep-
tose (XIII) was prepared. This sample showed [a] D -56.02 + 0.73° and had 
a melting point of 76-78°. 
An attempt to separate the two disastereoisomeric 1-menthoxyacetyl 
derivatives using a 200-transfer countercurrent distribution apparatus 
was made. The mixture had a distribution coefficient of 0.49 in the sol- 
vent mixture benzene-methanol-water (20:11:2). A plot of weight vs. frac-
tion resulted in one symmetrical peak; the peak corresponded to 528 trans-
fers. The optical rotations of material derived from the first, middle, 
and last portions of this peak were within 1.17 ° of each other. The ma-
terial recovered from countercurrent distribution was crystallized from 
ethanol-water and then from methanol at -80 ° . This material was then 
hydrolyzed and gave racemic dihydrodideoxystreptose that had Lail" ) 0.197 
+ 0.59 ° . 
Separation of the diastereoisomeric 1-menthoxyacetyl derivatives 
was next attempted using GLC. The derivatives gave only one symmetrical 
peak when EGSS-X or QF-1 was used as the mobile phase. The trimethylsilyl 
derivatives were prepared (54); these also gave only one symmetrical peak 
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when SE-30 or W-1 was used as the mobile phase. For these separation 
attempts the columns were operating at an efficiency of approximately 
1290 theoretical plates. Primary and secondary hydroxyl groups are known 
(54) to react with trimethylchlorosilane and hexamethyldisilazine in 
pyridine within five seconds. In the above work it was noted that the 
1-menthoxyacetyl derivatives of dl-dihydrodideoxystreptose, which contain 
tertiary hydroxyl groups, as well as dibenzylphenyl carbinol, which was 
used as a model compound, had reaction half times of the order of two 
hours. 
Resolution of dl-dihydrodideoxystreptose (XIX) using borneol in-
stead of menthol was next attempted. Pure d-borneol and pure d-bornyloxy- 
', 
acetic acid were obtained (55) by crystallization of d-bornyl d-bornyloxy-
acetate. d-Bornyloxyacetic acid was converted into the corresponding acid 
chloride by the standard procedure. The d-bornyloxyacetyl derivatives of 
dl-dihydrodideoxystreptose were prepared but could not be crystallized 
even after chromatography over silicic acid. The infrared spectrum of the 
preparation was satisfactory for the expected structure. Attempted sepa-
ration of these derivatives by GLC using the same columns as previously 
mentioned in the 1-menthoxyacetyl derivatives was not successful; only 
one symmetrical peak was obtained. 
1-Menthyl hydrogen phthalate was prepared in good yield by the 
treatment of 1-menthol with phthalic anhydride in pyridine. When 1-men-
thyi hydrogen phthalate was treated with thionyl chloride, in an attempt 
to convert it to the corresponding acid chloride, phthalic anhydride was 
the only pure compound that could be isolated; this resulted even if the 
reaction was carried out at room temperature. Similarly, 1-menthyl 
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hydrogen succinate was prepared. The acid chloride of 1-menthyl hydrogen 
succinate could not be prepared by treating 1-menthyl hydrogen succinate 
with thionyl chloride; the product decomposed at room temperature and 
gave succinic anhydride. 
In spite of the discouraging results obtained in the attempted 
optical resolution of dl-dihydrodideoxystreptose, attempts to resolve 
d1-4-epidihydrodideoxystreptose (XX) were made. When d1-4-epidihydro-
dideoxystreptose (XX) was treated with one molar equivalent of phthalic 
anhydride in hot pyridine, an 81.2% yield of material was obtained that 
resisted crystallization. The infrared and n.m.r. spectra Of this mate-
rial, a tan glass, were consistent for the 2-hydrogen phthaloyl deriva-
tive of dl-4-epidihydrodideoxystreptose (LXXV). The crude material was 
chromatographed over silicic acid; the column fractions initially resist-
ed crystallization. However, the fraction that contained the bulk of 
the material from the column crystallized after it had been refrigerated 
in benzene-isopropyl ether solution for about five months. 
Analytical data obtained for the compound were satisfactory for 
the expected structure. The infrared and n.m.r. spectra of the compound 
were consistent for the assigned structure, and all the absorptions in the 
n.m.r. spectrum were able to be assigned. The assignments are given below. 
Although there was some evidence (TLC and a weak absorption in the 
infrared spectrum of the crude material at 5.58 11) for the presence of 
a small amount of a phthalide epimeric with LXXII, no pure material cor-
responding to structure LXXIII could be isolated. Due to the lack of 
steric interaction of the two methyl groups in XIX, because they are on 
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H T 	 J, cps  
Aromatic, HA 2.07-2.75 
B ® 4.75 	BD = 3.0 
C 	5.79 BC = 	5.4 
D 6.09 	CD = -11.1 
E 6.10 EG = 6.4 
F 	8.71 
G 8.82 
to be more nearly cis than those of XX. Steric interaction of the methyl 
groups of XX -would be expected to pucker the ring, and the hydroxyl groups 
of XX would not be as nearly cis as those of XIX. Consequently, the cis 
fusion of two five-membered rings required for the formation of the phthal 
ide (LXXII) would be less favorable. 
1-Menthoxyacetyl and d-bornyloxyacetyl derivatives of d1-4-epidi-
hydrodideoxystreptose were prepared. The derivatives had satisfactory 
infrared spectra for the expected structures, but even after chromatog-
raphy over silicic acid, no crystalline material could be obtained. 
Certain of the physical data obtained for dl-dihydrodideoxystrep-
tose and dl-epidihydrodideoxystreptose invite speculation as to the 
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conformations possible for the rings of these compounds and certain of 
their derivatives. First, the effect on ring conformation of the size 
of the substituent groups and the effects of hydrogen bonding that might 
be possible will be considered. Next, the absorption positions in the 
n.m.r. spectra of certain of the groups and shifts that depend on rela- 
tive stereochemistries are considered. Finally, a Karplus-type relation-
ship is derived for these tetrahydrofuran derivatives that gives internal-
ly consistent bond angles and constants for the Karplus equations. 
Both dl-dihydrodideoxystreptose and d1-4-epidihydrodideoxystreptose 
contain cis-1,2-hydroxyl groups on the five-membered tetrahydrofuran rings. 
By examination of Dreiding molecular models of these compounds the oxygen-
oxygen distance between the two hydroxyl groups was determined to be 2.5 
0 
A if the tetrahydrofuran ring is planar. The oxygen-oxygen distance in- 
0 
creases to approximately 2.9 A when the ring is distorted maximally. When 
the compounds are dissolved in inert solvents, it would be expected that 
hydrogen bonding between the hydroxyl groups would be a strong, but not 
necessarily overpowering influence on the conformation of the ring. The 
optimum oxygen-oxygen distance for efficient hydrogen bonding in 1 1 2-diols 
0 
has been estimated to be 2.5-2.9 A (91). Since this range is similar to 
that which is possible for these compounds, hydrogen bonding of the 1,2- 
diol group would not necessarily contribute strongly to buckling of the 
ring. 
dl-Dihydrodideoxystreptose (XIX) does contain three groups on the 
same side of the ring, hydroxyl groups at C2 and C3 (throughout this dis-
cussion, the streptose numbering system is maintained for these compounds) 
and a methyl group at C4 . It seems reasonable that the ring could buckle 
r 
to a small extent in order to relieve these serious non-bonded interac-
tions. If the tetrahydrofuran ring were buckled such that C
3 
was below 
the plane of the other atoms (XIXa), the C 3 hydroxyl group would be more 
XIX, R = H XIXa, R = H 
0 XIXb, R = H 0 	 0 
u 
LXVII, R = L-NO -C C- LXVIIa, R = D.-4\102-C6H4C- LXVIIb, R = .7-NO2-C6H4C- 
remote than the C2 hydroxyl group and the C4 methyl group than if the ring 
were planar. However, this buckling brings the C 2 hydroxyl group and C4 
 methyl group into closer proximity. On the other hand, if the ring were 
buckled so that the C
3 
carbon atom was bent above the plane of the other 
ring atoms (XIXb), all substituent groups are farther apart than if the 
ring were not buckled. Qualitatively, it would seem that this conforma-
tion would be the most reasonable for dl-dihydrodideoxystreptose. 
d1-4-Epidihydrodideoxystreptose (XX) contains cis-methyl groups at 
C
3 
and C4  of the tetrahydrofuran ring. It would seem reasonable that the 
tetrahydrofuran ring would buckle somewhat so that these cis-methyl groups 
could be as far apart as possible. Two such ring conformations are pos-
sible:onewithC3 elevated below the plane of the other atoms of the 
ring (XXa) and one with C3 above the plane `of the other ring atoms (XXb). 
Although in either conformation the methyl groups are farther apart than 
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XX, R = H 	 0 XXa, R= H 	 0 XXb, R= H 
If 	 It 
LXXI76, R= R-NO2-06H4C- LXXIVa R= R-NO2-C6H4C- LXXIVbi f R= R-NO2- H
4
C 
if no ring buckling were present, there is qualitatively no difference in 
the two ring conformations. Thus it would appear that d1-4-epidihydrodi-
deoxystreptose could exist in either of these two conformations (XXa or 
XXb). 
Crystalline bis-R-nitrobenzoyl derivatives were obtained for both 
dl-dihydrodideoxystreptose and d1-4-epidihydrodideoxystreptose. The pos-
sibility of hydrogen bonding does not exist in these compounds, and it 
would be expected that the ring would buckle in such a way so as to re-
lieve the steric interactions of the substituents. An examination of mo-
lecular models reveals that in LXVII, the bis-2-nitrobenzoyl derivative 
of dl-dihydrodideoxystreptose, the most reasonable conformation for the 
ring would be with C
3 
elevated above the plane of the other atoms in the 
ring as shown in LXVIIb, This would place the two bulky R-nitrobenzoyl 
groups at the farthest possible distance from each other and would elim-
inate the possibility of interaction of the R-nitrobenzoyl group at C 2 
 with the methyl group at c4 . This conformation (LXVIIb) is shown above 




is below the plane of the other ring atoms. 
In LXXIVa,the bis-2-nitrobenzoyl derivative of d1-4-epidihydrodi-
deoxystreptose, a similar conformation LXXIVb seems most reasonable be- 
cause the 2-nitrobenzoyl groups, as well as the methyl groups, are farther 
from each other than if C
3 
were below the plane of the other ring atoms 
as in LXXIVa. These conformations are shown above. 
By consideration of the n.m.r. spectra of many of the compounds 
described in this research, it is possible to derive the correlation that 
a hydrogen or the hydrogens of a methyl group are deshielded when they 
are oriented cis -1,2 or cis-1,3 to the oxygen of a hydroxyl, methoxyl, 
or acyloxy group relative to that proton or group of protons situated 
trans to such groups. The 2,5-dimethoxy-2 1 5-dihydrofurans prepared in 
this work are good examples of these effects. The absorption positions 
of the pertinent protons of cis- and trans-2,5-dimethoxy-2 1 5-dihydro-2- 
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For these compounds the ring would be expected to be planar or very 
nearly so. It is seen that the most marked deshielding effect is on the 
hydrogen at position 2 (0.28 ppm) caused by the methoxy group at position 
5 in the trans compound relative to the methyl group at position 5 in the 
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is deshielded by 0.07 ppm by the methoxyl group at position 2 in the trans 
compound. In the cis compound the methoxyl groups exert a mutual deshield-
ing effect upon themselves of 0.04 and 0.07 ppm, respectively. 
The magnitudes of these deshielding effects appear to be related 
to the distance of the particular group from the oxygen atom of the methoxyl 
group. Measurements using Dreiding models reveal that the hydrogen at 
0 
position 2 is 3.7 A from the oxygen atom of the methoxyl group at posi-
tion 5 in the trans compound, the average position of a proton of the 
0 
methyl group at position 5 is 4.1 A. from the oxygen atom of the methoxyl 
group at position 2 in the trans compound, and the average position of a 
0 
proton of a methoxyl group is approximately 4.5 A from the oxygen atom 
of the methoxyl group in the cis compound. 
A similar type of deshielding is observed in cis- and trans -2,5- 
dimethoxy-2,5-dihydro-2,3-dimethylfurans, in which the distances involved 
in the shielding are approximately the same as the corresponding dis-
tances in the previously described 2-methylfuran derivative. The absorp-
tion positions of the pertinent protons are shown below. 
It is seen that the methoxyl group at position 5 in the trans com-
pound causes deshielding of the proton at position 2 by 0.31 ppm relative  
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5.85 6.35 0.50 -11 
5.80 6.42 0.62 -11.4 ± 0.2 
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compound. In the trans compound the methyl group at position 5 is de- 
shielded by 0.06 ppm relative to the corresponding methyl group in the cis 
compound. This deshielding is caused by the methoxyl group at position 2 
which is on the same side of the ring as the methyl group at position 5. 
The methoxyl groups in the cis compound mutually deshield each other by 
0.06 and 0.09 ppm. 
The n.m.r. absorption positions for the protons of a number of 
cyclic esters of meso-3,4-dihydroxytetrahydrofuran have recently been re-
ported (93). These data are summarized below. 
Because all of these compounds contain two five-membered rings hav-
ing a ois fusion, it would be expected that the H 2-111 dihederal angle would 
be nearly 120 ° , and that the dihederal angle of H 2 and the oxygen at posi-
tion 2 would be nearly 0 ° . Thus it would be anticipated that the deshield- 
ing effect on H2 by the anisotropy of the C3 
carbon oxygen bond would be 
maximum. The difference in absorptions of H 2 and H are seen to range 
from 0.50 to 0.62 ppm. 
An analysis of the n.m.r. spectrum of the diacetate of meso-3,4- 
dihydroxytetrahydrofuran has also recently been reported (94). These data 
are given below. Again, it is seen that the hydrogen at position 2 cis 
180 
H T J Cpp 
A 4.60 AA' = 5.4 + 0.2 
B 5.53 AB = 5.6 + 0.1 
0 5.95 AC = 4.2 + 0.1 
D 7.94 BC = -9.6 + 0.1 
to the acetoxy group is deshielded by 0.42 ppm, 
When this same correlation is attempted using the nom.r. spectra 
of dl-dihydrodideoxystreptose, d1-4-epidihydrodideoxystreptose, and cer-
tain derivatives of these compounds, it is found that the simple explana-
tion outlined above does not account by itself for all of the observations. 
The n.m.r. absorptions of dl-dihydrodideoxystreptose and d1-4-epidihydro-
dideoxystreptose are given by their formulas below. 
It is seen that the hydrogen at C4  (streptose numbering) of XX is 
deshielded by 0.14 ppm when compared with the corresponding hydrogen in 
XIX, and the methyl group at C4 of XIX is deshielded by 0.06 ppm when com-
pared with the corresponding group of XX. These observations are in ac-
cord with the simple explanation outlined above, that is, deshielding by 
the anisotropy of the C
3 
carbon oxygen bond. This simple explanation can-
not be used to explain the absorptions observed for the protons on carbons 
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1 and 2. It is seen that the proton on C i that is trans to the hydroxyl 
group on C2 absorbs 0.23 ppm to lower field than the proton on 0 1 cis to 
the hydroxyl group at C2 for XIX, and 0.46 ppm to lower field for XX. 
In addition, the absorption positions for the hydrogens at C 2 are not 
very similar for the two compounds. It may be, that because of the par-
ticular ring conformations for the two compounds the anisotropies of the 
various single bonds result in a deshielding of the hydrogen on C 2 in XIX 
and the hydrogen trans to the hydroxyl group at C l in XX. This explana-
tion is speculative. 
The n.m.r. absorptions of the pertinent protons for the crystal-
line bis-R-nitrobenzoyl derivatives of dl-dihydrodideoxystreptose (LXVII) 
and d1-4-epidihydrodideoxystreptose (LXXIV) are shown by the formulas 
below. 
Again, the protons at C
1 that are cis to the oxygen at C 2 appear 
to be shielded (0.19 ppm for LXVII and 0.47 ppm for LXXIV) compared to 
position of absorption of the proton. at C l that is trans to the oxygen 
function at C 2 . From an examination of Dreiding molecular models of these 
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present in these derivatives would be as far apart as possible. If this 
were the cases the diamagnetic anisotropic effect of the carbonyl group 
would result in an enhanced shielding of that hydrogen at C l that is cis 
to the oxygen function at C 2 . 
The absorption positions for the pertinent protons of the crys-
talline 2-hydrogen phthaloyl derivative of d1-4-epidihydrodideoxystrep-







LXXV 	R = .2-H02C-004-C- 
cis to the oxygen function at C
2 
appears to be shielded relative to that 
hydrogen at C1 trans to the oxygen function at C2 . An explanation similar 
to that cited above may explain this difference in shielding. 
Another case similar to the ones just described is that of the bis-
hydrogen phthaloyl derivative of d1-3-nordihydrodideoxystreptose (XXXIIIa). 
The positions of absorption of the pertinent protons are described below. 
4629 T 	4.88 T 
H H 
H X 8.68 w 5.86-c 
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The proton at Cl that is cis to the oxygen function at C 2 is shielded by 
0.41 ppm relative to the proton at C l that is trans to the oxygen func-
tion at C
26 The explanation proposed for this shielding is the same as 
that previously described for the same type of shielding observed in 
LXVII, LEXIV and,WV., 
During an attempted preparation of the hydrogen phthalate deriva-
tive of dl-dihydrodideoxystreptose (XIX), a crystalline side reaction 
product was obtained. The phthalide structure LXXII has been assigned 
to this compound. The pertinent n.m.r. absorptions of this compound are 
given below beside the structural formula. In this compound, it is seen 
5.18 T 8.38 T 
6.50 T 	 0 	H‘--- 6.45 T 
LXXII 
that the hydrogen at Cl that is cis to the oxygen function at C 2 is de-
shielded by 0.64 ppm relative to the hydrogen at C i that is trans to the 
oxygen function at 	This then is another example of the correlation 
previously mentioned. That this example conforms with the previously men-
tioned examples, in contrast to the hydrogen phthaloyl and bis-2-nitro-
benzoyl derivatives just mentioned, is probably a result of the fact that 
184 
that this compound contains two cis fused five-membered rings and no car-
bonyl group near the geminal protons. The positions of absorptions of 
the two geminal protons (A = 0.64 ppm) is in quite good agreement with 
the data previously described for the cyclic esters of meso-3,4-dihydroxy-
tetrahydrofuran. 
Thus, it would appear that the correlations discussed above are 
valid where rigid conformations of the tetrahydrofuran rings are present 
or where groups that may contribute to a diamagnetic anisotropic effect 
are not present in the tetrahydrofuran ring. 
In 1959 Karplus (94) proposed an equation, derived from theoreti-
cal considerations, which related the proton coupling constants in CD-CH 
fragments to the dihederal angle, 0, between the relevant C-H bonds. 
,4 J = k1  cos
2  p - c 	 0° 	< 900  
J = k2cos
2 (120 + 0) - c 90° < 0 < 180° 
It was hoped that it would be possible, from the coupling constants 
observed for the C1-C2 CH2-CH- fragments in dl-dihydrodideoxystreptose 
(XIX), d1-4-epidihydrodideoxystreptose (XX), and certain derivatives of 
these compounds, to derive the dihederal angles for these interactions. 
The positions of absorption of the various protons and the cou-
pling constants (given in cps) for dl-dihydrodideoxystreptose (XIX), d1- 
4-epidihydrodideoxystreptose (XX), and certain derivatives and related 
compounds are given in Table I. The spectral analyses given in Table 1 
have been matched with computed spectra (84). 
Table 1. Summary of Calculated N.M.R. Spectral Data. ORa. OR2 
COMPOUND 
131 R2 R3 R4 R5 
H1 H2 H3 
R- R5 1,2 1,3 2,3 3,4 4,5 




H 6.09 6.34 5.98 8.78 8.79 6.36 - 8.75 4.90 7.00 
LXVIII NB1 NB1 CH.. CIL. H 5.91 5.72 4.25 8.16 8.50 5.72 =11.1 2.9 4.9 




H 5.86 6.50 5.18 8.38 8.68 6.45 -11.3 0 3.2 
xx H H CH
3 
H CH3 5.89 6.35 6.18' 
8.85 6.22 8.85 -10.00 3.25 5.25 




6.02. 5.55 4.20 8.35 5.61 8.56 -11.5 2.2 5.1 




6.09 5.79 4.28 8.71 6.10 8.82 -11.1 3.00 5.4 ___ 
LXXIV PH3 PH3 H CH
3 
H 6 -.02 5.61 4.29 4.88 8.63 5.89 -10.2 3.9 5.5 5.6 7.4 
This coupling constant was shown to have a different size than J 1.3 and J2.3 for compound XIX and 
XX by spin perturbation experiments. The author thanks Mr. Allan Douglas for these experiments. 
1. NB = D-Nitrobenzoyl 
2. P = Phthalidoyl 
3. PH = Hydrogen phthaloyl 
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The original equations derived by Karplus, using a valence-bond 
approach, were derived for substituted ethanes assuming free rotation about 
the carbon-carbon bond. The effects of the electronegativity of various 
substituents, hybridization at carbon, and different carbon-carbon bond 
lengths were neglected. Using these approximations, the values obtained 
for ki„ k21 and c were 8.5, 9.5, and 0.28, respectively. Because free ro-
tation about the C i-C2 bond is impossible in the cyclic compounds being 
considered, and the , effective electronegativities of the substituent groups 
are different, the original Karplus relationship would not be expected to 
be applicable to these systems, although a Karplus -type relationship using 
different values of kl, k2, and c should be applicable. 
Bothner-By and Glick (101) have shown that vicinal coupling con-
stants in a given series of structurally similar compounds are functions 
of the Huggins electronegativity of the substituent groups, and they have 
obtained equations relating the magnitude of the vicinal coupling constants 
to the Huggins electronegativity of the particular substituent atom for a 
series of ethyl and isopropyl derivatives. 
Jam , = 8.4 - 0.14 E ethyl derivative 
J 1  = 8.4 - 0055 E isopropyl derivative HH 
E 	= Huggins electronegativity of the substituent group 
Lenz and Heeschen (102) have determined the dihederal angles and 
conformations for a number of carbohydrates by assuming that the original 
Karplus equations would give the proper relationship of J IIHT to 0, for the 
carbohydrates studied, if modified by a proportionality constant, F. The 
proportionality constant, F, alters the magnitude but not the form of the 
187 
angular dependence of 0 on J. The original Karplus equations, modified 
by the proportionality constant, F, that were used by Lenz and Heeschen 
are given below. The value of F was determined by solving the two equa-
tions simultaneously after analysis of the n.m.r. spectrum of P-2-deoxy-
glucopyranose for the required coupling constants. 
JHP H 	= F [8.5 cos
2
0 -0.28] 
1 2 eq 
JHP 	= F [9.5 cos
2 (0 + 120 ° ) -0.28] 
1H 2 ax 
It was also assumed that the average projected angle of the carbon-
hydrogen bonds at C2 was 120 ° . If, in the P-anomer of 2-deoxyglucopyra-
nose shown below, the dihederal Ang16 between the axial C 1H-.. bond and 
the equitorial C 2H bond is 0, then the dihederal angle between the axial 
C
1
H bond and the axial C
2
H' bond is 0 + 120 ° . 
HO 
OH 
The Karplus equations modified by the proportionality constant, F, 
determined to be 1.09 + 0.05 determined as described above, are given be-
low. 
JH H 	= 9,26 Cos
20 -0.31 
iL 2 eq 
J P 2 .W4 = 10.36 cos 	+ 120° ) -0.31 H1H2 ax 
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Abraham et al. (103) have employed a set of Karplus-type equations 
similar to those used by Lenz and Heeschen to determine the conformation 
of thirteen derivatives of 1 1 2-0-isopropylidine-a-D-xylphexofuranose. In 
the equations used by Abraham et al., which are given below, only the 
angular dependent term in the original Karplus equations was multiplied 
by the factor 1.09 that was determined by Lenz and Heeschen. Complete 
J = 	9.27 cos 20 - 0.28 0 -<," O < 90 ° 
J = 10.36 cos
2
0 - 0.28 90 < 0.,<, 180° 
analyses of the n.m.r. spectra of the thirteen derivatives of 1,2 -0-iso-
propylidine-a -D-xylohexofuranose were obtained, and it was shown that 
without exception the furanose ring in all the compounds studied exists 
in the "skew conformation" in solution. The "skew conformation" for the 
furanose ring is shown below. 
2 
Abraham and McLauchlan (104,105) -have obtained complete analysis 
of the n.m.r. spectra of trans-hydroxy-L-proline and allo-hydroxy-L-pro-
line. Using the observed Vicinal coupling constants between the relevant 










equations that gave internally consistent bond angles for the two epimers. 
The equations used for the 
C4-C5 




1.22 = k cos 2 (120 +
1
) - c 
0.94 = k cos% c 
4.57 = k cos2 (120 + V2 ) - c 
of these equations gives k = 1001 cps., c = 0, 0 1 = 50.4° and 02 = 72.25 ° . 
The bond angles for the C 2-3 and C3-4 
fragments were obtained similarly, 
and all the bond angles obtained for the particular compound were consist-
ent for a single conformation. 
Because of the success of this method in obtaining bond angles from 
vicinal coupling constants, and the similarity between the C
4-5 
fragment 
of the two epimeric proline derivatives and the epimeric diols XIX and XX, 
this method was applied to the problem of calculating bond angles in XIX, 
XX, and their bis-p-nitrobenzoate derivatives. Using the vicinal coupling 
constants obtained from the computed spectra of dl-dihydrodideoxystrep-
tose (XIX) and (XX), four Karplus-type equations in four unknowns are ob-
tained. The four equations were solved (106) using a Burroughs B-5500 
computer and gave values of 4.14 and -3.03 for k and c, respectively. 
(74.90 = k cos 201 - c XIX 
7.00 = k cos
2 (01 + 120) - c 
3.25 = k cos
2
02 - c 
{ 
XX 
5.25 = k cos
2
(02 + 120) - c 
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Reversing the values of 4.90 and 7.00 in the first two equations of the 
set and solving the resulting set of four equations gave the same values 
for k and c. This result was also obtained when the values of the cou-
pling constants observed for XX were reversed and the equations solved. 
From the Karplus-type equatiOn that results from the above con-
stants, which is shown below, fOr dl-dihydrodideoxystreptose (XIX) and 
d1-4-epidihydrodideoxystreptose (XX), two possible values of 0 are ob-
tained for each coupling constant. 
J = 4.14 cos
2
0 + 30.03 
dl-Dihydrodideoxystreptose (XIX) 	d1-4-Epidihydrodideoxystreptose (XX) 
7.00 12° or 168 ° 5.25 43° or 137° 
4.90 48° or 132° 3.25 77° or 103 ° 
For the bond angles between the two geminal protons at C 1 
and the 
proton at C 2 there are four possibilities for each of the two compounds. 
For XX, (2) and (3) are excluded as possibilities because the mole-
cule cannot maintain a projected angle of 120 ° between the geminal protons 
and have these bond angles. The two remaining possibilities for the bond 
angles in question for XX are (1) and (4). Possibility (4) is excluded 
For XIX For XX 
(1) 12° and 	48° (1) 43 ° and 	77° 
(2) 12° and 132° (2) 43 ° and 103° 
(3) 48° and 168 ° (3) 77° and 137° 
(4) 132° and 168° (4) 103 ° and 137° 
because of the strain that would be involved if the molecule would adopt 
these bond angles. The molecule must therefore have the bond angles in 
(1). The estimated conformation of XX in 7% deuteriochloroform solution 










of the other ring atoms when the bond angles are 43 ° and 77° in the 01_2 
 fragment. The experimental error is probably 45° at the most for the 
bond angles quoted. 
The bond angles in question for XIX can be obtained in a similar 
manner. Possibilities (1) and (4) for the bond angles of XIX are exclud-
ed because the projected angles between the geminal protons must be 120°. 
Bond angles given in (3) are unlikely because of the amount of strain in 
the molecule if it were in the conformation dictated by these bond angles. 
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The bond angles of 12° and 132° are therefore the only reasonable ones 
for the vicinal protons. The conformation of XIX in 7% deuteriochloro-
form is shown below. 
OH 
XIX 
This conformation is in agreement with the qualitative prediction 
made earlier on the assumption that the ring would buckle in such a way 
so as to relieve the steric interaction of the two hydroxyl groups and 
the methyl group that are on the same side of the ring. 
Because the Karplus equations predict that k 1 and k2 are different 
if 02  > 90° , an attempt was made to obtain different values of k for the > 
Karplus equation for XIX and XX by assignment of the coefficient k in the 
first three original equations as k 1 and the coefficient in the last equa-
tion as k2. The solution of the four equations using the previously ob-
tained value of c of -3.03 gave ki 
obtained for k in the solution of the original set of equations. 
Pople and Bothner-By (107) have shown from theoretical considera-
tions in systems of the type R-CH2-0•R that the more nearly perpendicular 
the line joining the geminal protons is to the nodal plane of the orbi-
tals of the unshared electrons on oxygen, the more positive the geminal 
2 = 4.14, which is the same value 
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coupling constant. That is, the mOre nearly the geminal protons eclipse 
the orbitals of the unshared electrons on oxygen the more positive the 
geminal coupling constant. 
Maximum positive value J 
EIM 













H  ) (  
1 H 	X = halogen 
- 8.3 
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Inspection of molecular models reveals that if XIX had bond angles 
of 48° and 168° the extent of eclipsing of the orbitals of the unshared 
electrons on oxygen by the geminal protons would be very nearly the same 
as that in XX, which has bond angles of 43 ° and 77° and a geminal cou-
pling constant of -10.00. If the bond angles in question for XIX were 
48° and 168° the geminal coupling constant would be expected to be near 
-10.00. However, if the bond angles, in question for XIX were 12° and 
132° a more positive (less negative) geminal coupling constant would be 
expected because inspection of molecular models reveals that the orbitals 
of the unshared electrons on oxygen are significantly more eclipsed by 
the geminal protons than when the bond angles are 48 ° and 168 ° . 
Because the geminal coupling constant for XIX (-8.75) is more posi-
tive by 1.25 than is the geminal coupling constant for XX (-10.00), and 
because the conformation for XIX dictated by bond angles of 48 ° and 168° 
is much more strained than the conformation that has bond angles of 12 ° 
 and 132° , it is concluded that the bond angles of XIX in question are 
12° and 132°. 
As previously mentioned, the proton on C l that is trans to the hy-
droxyl group on C 2 absorbs at 0.23 ppm to lower field than the proton on 
Ci cis to the hydroxyl group at C 2 for XIX, and 0.46 ppm to lower field 
for XX. This is easily explained after consideration of the conformation-
al drawings of XIX and XX. In XIX the hydroxyl group at 02 is between 
the two geminal protons at Cl and the effect on the chemical shifts of 
the geminal protons would be expected to be more nearly the same (0.23 
ppm different), as observed, than in XX, where the hydroxyl group is not 
between the two geminal protons (0.46 ppm different), and the shielding 
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of the two protons. would be expected to be more different. 
Using the coupling constants obtained for the bis-R-nitrobenzoates 
of XIX (LXVII) and XX (LXXIV) the four Karplus-type equations shown be-
low were obtained. 
/ 
4.9 = k cost (120 ± 01 ) - c 
2.2 = k cos24 - c 5°2 LXXIV 
5.1 = k cos t (120 + 2
) 	c 
These equations were solved simultaneously and resulted in two solu-
tions k = 5.36, c = 0; and k = 4.70 and . c = - -0.54. For the derived equa- 
,4 Lion for the first solution, J = 5.36 cos t pm  the following possible an-







42° or 138° 
 22° or 158 °
 51° or 129 °
 12° or 168 °
The possibilities for the bond angles in question for the two com- 
pounds are therefore: 
LXVII LXXIV 
(1) 42° and 22° (1) 57° and 12° 
(2) 42° and 158° (2) 57° and 168° 
(3) 22° and 138° (3) 12° and 129° 
(4) 138° and 158° (4) 129° and 168° 




For the other possible solution, J = 4.70 cos 2 0 + 0.54, the fol-
lowing corresponding values were obtained for the possible angles for 
each coupling constant. These values are shown below. 
J 
45° or 135° 
LXVII 
/.2.9 
4.9 16° or 164° 
53 ° or 127° 
LXXIV 
{2.2 
5.1 10 ° or 170 ° 
Also the possibilities for the bond angles in question in the two 
compounds were obtained and are also shown below. 
LXVII LXXIV 
(1) 45 ° and 16° (1) 53 ° and 10° 
(2) 45 ° and 164° (2) 53 ° and 170° 
(3) 16° and 135° (3) 10 ° and 127° 
(4) 135° and 164° (4) 127° and 170° 
The possible bond angles (1) and (4) from both solutions for both 
compounds are excluded because the projected angle of the geminal protons 
cannot be 120 ° if these are the bond angles. 
If the maximum experimental error for these derived bond angles 
is + 3 0 1 it is seen from the following summary of values that both solu-
tions give values for the bond angles for possibilities (1) and (2) that 
are within experimental error. 
0 
LXVII, R = 2-NO2-C6H4C- 
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LXVII LXXIV 
Solution (2) 42° and 158° ( 2 ) 57 ° and 168° 
1 (3) 22° and 138 ° (3) 12° and 129 ° 
Solution (2) 45 ° and 164° (2) 53° and 170 ° 
2 (3) 16° and 135° (3) 10° and 127 ° 
Averaging the corresponding values for both solutions gives: 
LXVII 	 LXXIV 
(2) 44° and 161° 
	
(2) 55° and 169 ° 
(3) 19° and 137° (3) 11° and 128° 
Possibility (2) for the bond angles of LXVII and LXXIV seems un-
likely because of the large amount of strain present in the molecule if 
the molecule has these bond angles. Possibility (3) for LXVII and LXXIV 
seems much more likely because the molecules would be much less strained. 
This conclusion is in agreement with the simple qualitative prediction 
made earlier that assumed the ring would buckle so as to relieve steric 
interaction of the bulky substituent groups. 
The estimated conformation for LXVII and LXXIV are shown below. 
The solutions obtained for the four equations in four unknowns for LXXIV 
and LXVII were not exact but were very nearly so. However, the solution 






LXXIV, R = p7NO -C 6H4C- 
The conformations derived for these compounds are in agreement with 
the simple qualitative prediction previously made after examination of 
molecular models. This prediction was based on the assumption that the 
ring would pucker so as to place the C3 
carbon atom above the plane of the 
ring, thereby placing the bulky Rnitrobenzoyloxy groups at the farthest 
possible distance from each other. In this conformation, interaction of 
the large R-nitrobenzoyloxy group with the substituent group at C4 is re-
lieved that would otherwise take place if the ring were puckered in the 
opposite way with C
3 
below the plane of the other atoms of the ring. 
It is also seen that the ring is puckered to a slightly greater 
extent in LXVII than in LXXIV. This is reasonable and is easily explained 
by the fact that the 1,3-steric interaction of the C 2 and C4 substituent 
groups of LXVII involve a R-nitrobenzoyloxy group and a methyl group and 
would be expected to be more severe and consequently result in more dis-
tortion of the ring than the steric interaction of a R-nitrobenzoyloxy 
group and a hydrogen atom as is the case in LXXIV. 
Although the four carbon atoms of the tetrahydrofuran ring are held 
in a rigid position in the phthalide (LXXII) because of the cis fusion of 
the two five-membered rings, the average position of the oxygen atom of 
the tetrahydrofuran ring is probably on the opposite side of the ring from 
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the oxygen atoms at C2 and C3° 
This probably results from electrostatic 
repulsion of the oxygen atom in the tetrahydrofuran ring with the oxygen 
atoms at C2 and 03 . The eclipsing of the geminal protons by the nonbond-
ing orbitals on oxygen would therefore not be near a maximum. Consequent-
ly, a geminal coupling constant more positive than the observed value of 
-11.3 would be anticipated if this were the only factor affecting the mag-
nitude of 
Jgem.  Pople and Bothner-By (107) have shown from theoretical 
considerations that an electronegative atom situated p to a methylene 
group causes a large negative shift in the value of J
gem
. 
Examination of molecular models of the phthalide (LXXII) reveal 
that the geminal protons are nearly maximally eclipsed by the nonbonding 
orbitals of the oxygen atom at C 2 (situated (3 to the geminal protons). 
These nonbonding orbitals are also held in a rigid position by the cis 
ring fusion. The relatively large negative value of gem 
 in the phthalide 
can be explained by these observations. 
As previously mentioned, the geminal coupling constants for a num-
ber of cyclic esters of meso-3,4-dihydroxytetrahydrofuran range from - 9.5 
to -11.4 4- 0.2 cps (see page 179) . As in the case of the phthalide, the 
oxygen atoms at C2 and C3 
in these molecules are held in a rigid position 
by the cis ring fusion. Consequently, the geminal protons are nearly 
maximally eclipsed by the nonbonding orbitals of the p oxygen atom. In 
these compounds a relatively large negative value of J gem  would be ex- 
pected„ as observed. 
In the diols„ XIX and XX, the extent of eclipsing of the geminal 
protons by the nonbonding orbitals of the oxygen atoms of the C 2 hydroxyl 
group is reduced by hydrogen bonding of the two cis hydroxyl groups. 
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Also, there is no cis ring fusion to insure a rigid position of the oxy-
gen at C2 
as in the case of the phthalide. The less negative values of 
J 	of XIX (-8.75) and XX (-10.00) relative to the phthalide (-11.3) 
.0111 
(LXXII) is qualitatively explained by these facts. 
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